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Pizy it deal your 8 2 2 
Along all W be 
Sience, which have. been 
continually improved, and 
re daily improving in tle 
Warld, the firſt Place has, as it were, 
by general Conſeut, been always given 

to Aſtronomy. And ſuch has been 


either the good Fortune of the Science, 
or the Virtue of Mankind, that the 
greateſt and moſt eminent Perſons in all 
Ages and Nations, have been Patrons 


and Encouragers of this Study above 
all others, A 2 -- al 


— — 


ſend a Treatiſe of the Stars and 
Heavenly Motions, as to a faithful 


| | 
#3 
NY. f 


uf 


- -Dadication? = 


Maß it pleaſe your, Grace, there. 
fore to take this Book into your Pro- 
tection, ſince whatever may be want= 
ing. tither in the Work or the Au- 
thor, to recommend it to your Fas 
vour, will abundantly be ſupplied by 
the Degnity of the Subject. 
For to whom can I ſo properly 


and zealous Servant of that Heavens 
4 King, who knoweth the 
Number of the Stars, and call- 
eth them by their Names. Sy 
remarkable is your Grate's Leal for 
the Service and Honour of God, that 


you took particular Cart to adorn 


is Houſe before you would lay the 


Foundation of your own. Nor did 


_ ” 
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"23 Jour Care extend only to the Orna 


ments 


nem! of the Temple, but. likewiſe, 
aud more eſpecially to the Decenty 


- Dedi ication, 
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of the Worſhip : You call d Mafick 


in to excite Devotion; Muſicł bes 


ing the Delight and Employment of 


tbe Heavenly Choir. 


Tou, My Lord, are the publick 


and ſtanding Mark of all Mens 


Admiration, the beautiful Patern 


which all defire to imitate, tho” few 


can hope to equal. In publick Affairs 


what . Stateſman mort able? In do- 


_ meſtical Management, what private 
Man more expert ? In the conſtant 


ſtating and exatt keeping of Ace- 


compte, no Body more Provident, nd 


Body more _— In Expences, no 
10 — fo Magnificent. 
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Body more Laberal: In Largeſſes, br 
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_ Dedication 
W grrut i jour Affetion t 
Wrarſing und the Learned, that 
ib you make yourſelf Maſter of 
every. Art, jou grove. Matter and 


| "Encouragement -to cver) Artiſt. To 


the particular Science which is the 


ll Sibjeff of this. Book hour - Grate ts 


Jas Eminent," ſo Benificent a Patron, 
that in the ſtately and beautiful 
Strudt urg of Cannons, Aſtronomers 
mill ſind every thing for the Im 
provement of their Knowledge; In- 
Piruments worthy of the Science, and 
anObſervatory wortby of its Lord. 
be Boot I now preſent is a Tran= 
lation of thaſe Aſtronomical Lectures, 
which were himoured with your Gra- 
ces Name at their firſt Publication, 
in the Language they were read in 
at the Unoerſity of Oxford. The 
—— Fr 


Dedication: 
Ve fi n' was. made ntutb 
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ö Vm PRE Requſt 
d for the Service of the; fain\Sea\ / 
ad particularly for the Servi if. 
e great Ornament ef ber Sas den, 
, 8 Dutcheſs of Chandos. It i Ü 
5 tery to the Ladies to ſay that ſuch |} 
„F them as delight in Arts and Sts 
 Þ ences, as to DuickneſFofirPerception 
ad Delicacy of Taſie, are equal, 
F mot ſuperior to Men; and it is 
25 Aﬀront tothe muſt refed of either 
Sex to ſay, there 18 not a finer 
Cenis than my Lady Dutcheſs, = 
May every Star in Heaven ſbed 
its kindeſs Influence on bath your 
Heads. And may you long continue 

- | to enjoy that Aﬀtuence, which, like 

the Rays of the Sun, ſcatters Lipht 

and Warmth to all round you. 


Thi, 
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and moſe humble Servant, 


JohN Kei. 
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che moſt bountiful God has moſt 


plentifully beſtowed on. Mankind; 
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ind by Arts and Scientes. ' And 48 a- 
mong the Sciences there are none which Aſtrong- 
m comes behind upon the Account of its Anti- 
quity, and the Pleaſure that attends the Study 
of it; ſo it will yield to none of them on rhe 
account of its uſefulneſs, and the Advantages it 
affords to Human Life. By it we diſcbver the 
wonderful Harmony of Nature, wherewith the 
Frame and Structure of all Created Beings are linkt 
and knit togetlier, to conſtitute the great Machine 
of the Univerſe. Aſtronomy teaches us to obſerve 
and diſcover the Motions of the Heavenly Bodies, 
and it weighs and conſiders the Force and Vigor 
by which they circulate in their Orbs. Ir is 4 
Science which the greateſt Heroes from the be- 

inning of the World have taken Pleaſure to Study 
and imptode ; ſo that it Was always eſteemed as 2 
Science fit for Kings and Emperors ro employ 


Wiſemen and Philoſophets were always reve, 
* and favoured by the Antient Rings, "who 
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22 ONG all che Gifts and Benefits 


F231 which confſt in the Improvements 


themſelves in. On which account the Chaldeat 


. - choughts 


1 ware 
dis, char their is no Knowledge which is 


The P R E FA E. 


thought it abſurd that any ſhould Govern 
World, who knew not what the World was.] 
THE Excellency of this Science appears fr 


D. 


rained by the Light of Nature, that gives us 


truer and juſter Notions of the Supreme 


ard Almighty God che Maker of both Heaven 
and Earth, than it does. None furniſhes us wich 
ſtronger Arguments by which his Exiſtence is de- 
monſtrated ; nothing ſnews more his Power and 
Wiſdom, than the Contemplation of the Stars 
and their Motions. That Prophet as well as King, 


the Holy David, tells us, that The Heavens declare 


the Glory of God, and the Firmament ſheweth hi handy 
Work. And again, The Heavens declare bis righte- 
ouſneſs, and al rhe. People have ſeen his Glory. 

MARC US Tullius Cicero who was guided only 
by rhe Light of his own Reaſon, had the ſame 
Sentiments. Nothing ſays he, is more evident, no- 
thing plainer when we look, up to the Heavens, and 
contemplate the Bodies there, than that there is a Deity 
of moſt Excellent Wiſdom who Governs them, What 
is there that more raviſhes the Mind of Man 
into an Admiration, Reverence and Love of God, 
than ſo many and ſo great Bodies endowed with 
Heavenly Light, moſt beautiful to the Eye, and 
when contemplated, moſt delighrful to the 
Underſtanding. Their mutual intercourſes, moſt 
regular Motions, their certain and determined 
Circulations, and their Returns and Periods ſet- 
tled by a Divine Law, in an admirable Harmony, 
make manifeſt to us the immenſe Power, Wiſdom 


and Providence of their Maker; which when we 


conſider we muſt neceſſarily acknowledge, Reve- 
rence and Celebrate the Author and Contriver 


of all theſe things. 


_ BESIDES Afronomy with its Sublime Spe- 
Evlations, about ſo many and ſo large Bodies, 
and at ſuch immenſe diſtances, does wonderful- 


Jy pleaſe and recreate the Mind. 


ASTRONOMY for the certainty and evidence 
of urs Nemonſtrations, is not Inferiour ro Geome- 
| WL 
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773 3 irs uſefulneſs is manifold, and the Ampli- 


rude of its: Subject is ſo large that it comprehends 
nothing leſs than the World it ſelf. For as a- 
mong all the liberal Sciences there are none that 
contemplates Objects more in Number, greater in 
Quantity, or at longer diſtances from us than 
Aſtronomy ; ſo likewiſe there are none in which 
there ſtill remains fewer difficulties ro be explain- 
ed, Objections to be anſwered, or Scruples to be 
removed, than there are in Aſtronomy; and no Sci- 
ence has yet attained ſo great a degree of Per- 
fection as it has. „ 
IN moſt of the other Arts there are ſeveral 
Inextricable Labyrinths; many ſtrange Objections 
are raiſed, and unanſwerable Arguments which do 
ſo confound the Mind, that like thick Clouds, they 
ſtop all further Proſpect and diſcovery. But the 


Motions of the Heavenly Bodies are now cer- 


tainly known, and their cauſes demonſtrated, and 
the reaſon of all the Phenomena of the Heavens 
are exactly underſtood, 

THE ſmalleſt Stars we can ſee, tho they be 
at an unmeaſurable diſtance from us, yer have their 
Longitudes and Larirudes exactly determined, their 
proper places fertled and are all reduced into 
Catalogues; tho ar the ſame time the Science of 
Geography, or a Deſcription of our own Habita- 
tion, is ſo imperfect, that we have an exact De- 


termination of the Longitudes and Latitudes of 


bur a very few Places; there ſtill remaining many 
Unknown Lands and Countries, that have not as 
yet been diſcovered : And there are now great 
and far extended Continents, of which we ſcarcely 
know any thing beſides their Coaſts and Shoars. 
And what is ſtill more ftrange, in our little Pro- 
vinces and Counties which we daily Travel over, 
their are many Towns and Cities whoſe Poſitions 
are ſtill uncertain; as is plain from the many Geo- 
graphical Maps of them, which contradict each other. 
THE Aſtronomers foretel, for many Ages to 
come, the Eclipſes of both Sun and Moon, their 
Quantities and Durations: The Conjunctions, 
„ Ohppoſi- 
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Oppoſition and mutual Aſpects of the .Planerf 
An 


what will be the diſtances of all the Stars 


from the Pole at any time: Whereas there is ng 
Man ſo well skilled in Meteorology, 4s Cancers 


tainly foretel What will be rhe State ay, Be 
dition of our Atmoſphere for the very next Day; 
and yet it reaches but a few Miles from us: 
we are unable to judge whither we ſhall have 
fair Weather of foul, calm of ſtormy, or even 
"ſo much as*ro foreſee from what Point the Wind 
will blow. And this is no wonder, ſince the 
cauſes from whence theſe Effects ariſe are um 
ſearchable. 5 Ws 

NO Philoſopher has ever yer diſcoyered the 
Figures of the ſmall parts of Matter, or the Tex- 
ture, Interials,, Form and Compoſition of the parts 
of rhe moſt common Plant. Nor has an Phy- 
fician yet found out the reaſon of rhe Virruez 
and Operations by which their Medicines affect 
Human Bodies. And even in all Animated and 
Vegetable Bodies, the Fountain and firſt Princi 


72 of Life and Action is unſearchable, and looks 


ke a Myſtery much beyond the reach of our 


Underſtanding, which Knowledge perhaps in this 


Life is never to be attained. But Aſtronomers in 
their be Science meet with no ſuch difficul- 
ties, the 


they cbntemplate not the Natures, but the 
Motion %of e Bodies, and they cleat- 
Iy *Accouhr of the Phenomena or I e 


Ter , '4 . a: 
that ariſe fr whence" termine 


encè; they, not 'only 'derermin 
f how Je tion en latiers have, and In 


how Arge . Impaſs they circulate; but rhey 
likew 4 us the crooked Tracts in the im- 
menſe 7] 3 75 of Space which the wandering 
Comets take; they can give us the Geomezrical 
Properties of their Orbits, and the Laws which 
they ' obſerye in deſcribing then. The Aſtr- 
nomers are not ignorant where aud when the 
Planets ate at their furtheſt diftance from the 
Sun, and participate the leaſt of his heat and 
light; from whence they return, and are conſtant 
Iy quickned in their Motions by the Sun, who 

5 W raw 


* 


gras them towards himſelf, till they come to 
choſe parts of Space, where they make their near- - 


eſt, approach to him, enjoy moſt pf, his hear and 


their own Gravity. . 
have had the happineſs to produge a Genius of 


tions, has- diſcovered the Fountain and Spring of 


which is Univerſally - diffuſed thro the whole 
Syſtem of Nature, which the Almighry and Wife 
Creator has commanded all Bodies to obſerve, viz. 
Thar every Particle of Matter attracts each other 
> a reciprocal duplicate Proportion of its di- 
nce. 
THIS Law is, as it were, the Cement of Nas 


things remain in their proper State and order; 
ir detains not only the Planets, but the Comets 
within their due bounds, and hinders thengoffe 

making 7excurſigngvinto the immenſe Regions 785 
Space; which they Would, dotif they were only 
attuared by Motion once implanted in them, 
which naturally they would always preſerve, ac- 
cording to the Principal Law of Motion. 
WE are obliged to the ſame Gentleman for 
the diſcovery of the Law that er ulates all, rhe; 
Heavenly Motions, ſetts bounds . ane His ts, 
Orbs, determines their greateſt Excurgong aan Fs 
Sun, apd their, neareſt approaches tg him. To 


the cauſe why ſuch a conſtant and regular Propor- 
tion is obſerved, by both Primary and Secundary 
Planets in their Circulations ronnd their Central, 
Bodies, in comparing their” diſtances with their 


il continued in ſuch a wonderful regularit 
ED 2 a 3 | 


light,, and are actuated by the greateſt force of 
"MOST. of the Diſcoveries we have related 
were known to the Aftronomers of former Ages. 
But our Times, and this our Country of Britain, 

2 Divine Nature and extraordinary Qualities ; 
I mean the Great Sir ISAAC N EWTON, who, 
beſides his innumerable other wonderful Inven- 


all the Celeſtial Motions, and the Great Law 


ture, and the Principle of Union, by which All, 


D. 


this Sublime Genius we owe, that nqw, we know 


Periods; and why all the Celeftial Motions arg ſy 
* 
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Harmony and order. The ſame incomparable 


Perſon having a compleat Knowledge of the 
Laws of Nature and Motion, has from them fur. 
niſned us with a new Theory of the Moon, which 
accurately anſwers all her Inequalities, and ac- 
counts for them by the Laws of Gravity and Me. 
chaniſm; ſo that now the Moon's place, comput- 
ed by the Rules of this New Theory, does not 
ſenſibly differ at any time from what it is 


obſerved to obtain in the Heavens, which does 


exceed the hopes and Expectations of our Aſtro- 
noꝛners; ſo that we have now a Proſpect of im- 


proving our. Navigation, by finding from Obſer- 


vations of the Moon, the Longitude. of a Ship 


at Sea: A Problem of great uſe, whoſe Solution is 


much ro be deſired, and for which there are 
very ample Rewards allowed, | 


THERE is nothing that does more ſhow 


the force and Penetration of Human Underſtand- 
ing, than theſe great and wonderful diſcoveries, 
There is no more certain way of comprehend- 
ing the Prodigiovs bulk of the whole Mundane 
Fabrick, or the amazing Beauty of ſo Divine a 
Structure, and rhe Infinice Wiſdom of its Divine 
contriver; than by conſidering theſe Laws which 
are lately diſcovered. From them we learn to 
have a moſt noble and magnificent Notion of 
the whole Syſtem of Nature. Now we are al- 
ſured that this Earth we Inhahit, is but a ſmall 
and inconſiderable part of a Glorious Fabrick: 
Since there are almoſt Infinite Worlds, created 
by a Supreme and an Almighty Being, which 


are prodigiouſſy larger than ours} in the diſpoſ- 


wg and governing of which the ſame Being ex- 
erciſes his Infinite Power and Wiſdom. It 7s He 
who ſpoke the Word, and the Heavens were made. 
He commanded and they were created, He hath mads 
them faſt for ever and ever. He hath given them 


4 Law which ſhall not be broken. 


ASTRONOMY 1s not only uſeful, as it im- 
proves the Mind, and by irs moſt delightful Spe- 


culations, increaſes the Force and Penetration 


of 


( 


The PREFACE. 


of the Underſtanding: Bur it is likewiſe a conſi- 


derable Help to the perfecting of other Arts and 
Sciences. In how great Darkneſs would the Ges- 
raphers the Chronologiſis wander, were they not 
aſſiſted with Light from Aſtronomy ? To it is owing, 
that we know the Figure and Magnitude of the 
Earth, and find out the Situations and Diftances 


of Places. We learn from it the true Meaſure of 
the Year, and can give an Account of Actions ac- 
cording ro the true Order of the Times in which 
they happen'd. Hence is evident how uſeful 4A. 
ftronomy is to Human Affairs; for without it we 
could have no Geography nor Chronology, and con- 


; Sonny no certain Account of Hiftory, 


T among all the Arts and Sciences, there 
is none that has receiv'd greater Improvements 
from Aſtronomy than Navigation has done ; for by 
our Knowledge in ir we can carry our Ships 
through the vaſt Ocean in a right Cdurſe, tho 


there is no Tract to be ſeen, and viſit the utmoſt 


Regions of the Earth. Hence ariſe the Advan- 


tages of Trade and Commerce; ſo that whatever 


Things other Countries afford, that are either pre- 
cious or delighrful, we receive and enjoy _ without 


the Inconveniencies of intemperate Hears or Colds, . 
to which thoſe Countries are liable. Ir is owing 


to our Skill in Navigation, that our Britiſh Mo- 
narchs have obtained the Sovereignty of the Seas: 
So that there is no Nation, at what Diſtance ſo- 
ever, but whar are kept from doing Injuries to 
our Countrymen, by the Terrors of a Britiſh Fleet. 
AS the Art of Sailing does, ia a great Mea- 
ſure, depend on the Knowledge of the Stars; ſo 


' the impetuous and ambitious Deſires of Kings 
and Princes, to diſcover unknown and foreign 


Countries, inclined them to cultivate Aſtronomy. 
The firſt and chief of all the Sailors was Neptune, 
who, upon the Account of his Skill in this Art, 


was celebrated as God of the Ocean. His Son Be- 


lus, being an Aſtronomer, by his Knowledge there- 
in, carried the Inhabitants of Lybia into Aſia, 


where he inſtituted Colleges of Aſtronomers; fot 
e 4 | Diodorus 


Y 
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Habt in the, firſt Book of his Hiſtories writes” pr 
"A ws lei, reported, ;lays he, that the Egyptian, 44] 0 
Fs, ebe Sen of Neptune and Lybia, brougbe 2 4 
Talon to Babylon, and there he inſtituted Prieſ, i - 

| whom the Babylonians call Chaldeans,; who, aften be 
| "the manner of the Egyptians, were to obſerve the Stari. * 
| Before his Time, there was, Atlas King of. Mau- bi 
ſl ritania, a great Aſtronomer, who firſt ſhew'd us the x6 
„ Doctrinę of the Sphere. And therefore Virgil in- he 
| rroduces ,Zops finging what 4:4 bad taught” I B 
Mankind, W 74 0h x: x 5 
—bosuit que maximus Atl; 5 oe 
ff ba, ramen Lunap li; labore, NY 
SO Uranus, King of the Country ſituated on * 
the Shore of the Atlantick Ocean, for his Skill 2 
| in 'Aſtronwny, is ſaid to have been deſcended from h; 
[ the Gods. Joroaſter a Perſian Philoſopher is cele- F 
BM brated by all Antiquity, as a skilful Aſtronomer, a 
= And the Honour and Dignity of this Science was HK 
* had in ſo great a Reputation, as to be called the V 
Royal Science, being that Kings were moſt de- p 
k lighted. by it above all others. For the Kings of | £ 
| Africk, and Hria firſt invented and improved it, t 
. and that long before ir was known in Greece. This c 
Mm Plato acknowledges in his Dialogue, which he $ 
4% call's Epinomis. The firſt, ſays he, who obſerved theſe : 
= things, was a Barbarian, who liv d in an ancient r 
| "7% Country, where, upon the account of the Clearneſs of f 
N ; the Summer Seaſon, they could firſt diſcover them, ſuch r 
| 5 Egypt and Syria, where the Stars are clearly ſeen, 0 
1 | #here being neither Rains nor Clouds to hinder their t 
A Praſpett. And becauſe we are more remote from : 
1 | - © this Summer clearneſs of Weather than ' the Bar- | 
3 barians, we came later to the Knowledge , of theſe **4 
Start. SoLucian tells us, That the Ethiopians firſt | 
took Notice of the Heavenly Motions, and by finding ' 
the Cauſes of the Lunations,” they knew that the Moon 1 

had no proper Light of its own, but borrow'd it from 
= -. tho Sun. However, it is certain that Aſtronomy, - | or 
„ Fom the very beginning was cultiyated and im- 
. | 7 f ws, "I" 4 | prove & - | 
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proved by the Eaſtern 'Nations. © For if we maß 


were not only the but the greateſt Philoſo- 
phers that Gxeece d: And from the ſame 
Author, we know, that they who ſtaid longeſt in 
that Country, were moſt famous for their Skill in 
Geometry and Aſtronomy, after they return d home: 
So Pythagoras, who liv'd in Society wich the Egyp- 
tian” Prieſts ſeven Years, and was initiated into 
their Religion, carried home from thence, beſides 
feveral Geometrical Inventions, the true Syſtem of 
the Univerſe; and was the firſt that taught in 
/ Greece, that the Earth and Planets rurn'd round 
| the © Sun, which was immoveable in the Center; | 
and thar the Diurnal Motion of the Sun and fixed 
Stars was not real, but apparent, arifing from rhe 
Motion of the Earth round its Axis. At that Time 
no Body was eſteem'd as a Philoſopher, bur who 
was well acquainted | with the Mathematical 
B U F theſe Sciences were ſoon neglected by 
the Philoſophers that came after rhetn, who much- 
- degencrating from thèir- Predeceſſors, had ſo little 
wy” 7d Eg „ „ „ Cate 
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„bes REF ACE; 
Cate and Concern for the Mathematical Sciences 
eſpecially Aſtronomy, that of all the Obſervations 
of Ecliples, for the Space of near 2000 Years, that 
were ſent from Babylon by Caliſtbenes, Ptolomy could 
not recover but a very few, the reſt being loſt by 
the Careleſneſs, Negligence, and want of Skill of 
© | thoſe Men, who ſhould have preſerv'd them, For 
= - * ©, theſe Pretenders to Philoſophy, having no Concern 
=. for the uſeful Parts of ir, ſpent their Time about 
_ FTrifles, and Diſputes of no Value, and in endea- 
vouring to find out Sophiſms, whereby they would 
impoſe upon their own and the common Senſe of 
On all Mankind; ſuch were Zenos's Arguments againſt 
—_ Motion, and moſt of the Philoſophers Diſputations 
= _ againſt the Diviſibility of Matter in infini tum 3 
* whereas a little Knowledge of Geometry would ea- 
7 ſily have diſſolved all the Difficulties they could 
- Faiſe, But tho Aſtronomy was thus baniſhed onr 
A | of the Schools of the common Philoſophers, yet it 
muas received and cultivated by ſome, tho bur a 
1 2424 ſew, eſpecially by the Pythagorean Sect, which 
1 flouriſnh'd in Italy many Years, among whom was . 
1 Philolaus and Ari ſtarchus Samius. The Ptolemy's 
Ye Kings of Egypt were alſo great Patrons of Learn- 
ing, they founded an Academy for Aſtronomy. at 
Alexandria, which furniſhed us with gteat Men, 


* 


1 


* _ the chief of whom was Hipparchus, who, according 5 


1 to Pliny,undertook a Buſineſs which would have been 
7 4 great Work to a God to perform, that is, to number 
the Stars, and leave the Heavens for an Heritage to 
„ 4 that come after, This Man foretold the Eclipſes 
7 of both Sun and Moon for 600 Years ; and upon 
his Obſervations is founded that precious Work of 
Ptolemy, which he call'd his py Zan GVYT&Zts» or 
his great Conſtruction ; for from them he gathered 
the Preceſſion of the Equinoxies, and the Theory 
of the Planets. | 

WHEN Egypt was conquer'd by the Sarazens, 
and Alexqndria reduc'd under their Juriſdiction, 
the Conquerors took Aſtronomy, with the reſt of 
the Liberal Arts, under their Protection; and took 

care that moſt Parr of the Books ne * . 

1 5 n iberal 
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Liberal A Arts and Sciences ſhould be tranſlated from 
the Greek into their own Arabian Language. 


THE Sarazens paſſing from Africł into . 


and having a Commerce with the Weſtern Euro- 


Astronomy, which before was almoſt loſt in Euro 


ſo that about the Vear 1230, at the Comman of Y 


the Emperor Frederick, Ptolemy's Almageſt, or his 


great Synraxis, was tranſlated from the arabic in- 


to Latin. 
AETER that Tand; Aftionomy recty'd ana- 
ny Improvements from the Patronage of the great- 


eſt Princes, and the Labours of the moſt celebrar- 
ed Philoſophers; among whom, in the firſt place 
is to be nam d, Alpbonſus King of Caſtile, who is 


never to be forgotten, on the Account of the 4A. 


fſtronomi cal Tables call'd after his Name. Nico» 
laus Copernicu, was not only à diligent Obſerver, 
but alſo a Reſtorer of the ancient Pythagoreun 


Syſtem. Prince William, Landgrave of 25 ho 
procur'd Quadrants and Sextants much larger 


- - than what were formerly us'd, to obſerve the true 


places of the Stars: This Princes Obſervations 
are publiſn d by Snelius. Sir Henry Savill was moſt 
skilful both in Aſtronom) and Geomemry, who is 


ever to be honour d, for his Munificence in found- 


ing our two Profeſſions of Aſtrouomy and Geometry 


in the Univerſity of Oxford, and endowing them 
with ample Salaries ; upon which Account, and 
many other Benefits he beſtowed on the Learned 


World, he will always be had in Remembrance 
with the greateſt Reſpect. That Noble Dane Ty- 
cho Brabee, who for his Skill in obſerving was ſupe- 


rior to all that went befc- him; and who for the 


Furniture of his Obſervatory, exceeded even 


Princes and Kings: He publiſh'd a Catalogue of 


770 fixed Stars, which he had diligently obſerv'd. 


John Kepler, a moſt excellent Aſtronomer, by the 


Help of Tycho's Labours found our the true Sy- 


ſtem of the World, and the Laws the Celeftial Bo- + 


dies obſerve in their Motions, with which he vaſtly 
ys Aſtronomy his excellent Works are. well 
Kaon 


Nations, imparted to them the Science of 2 
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NO Es the. Learned World, and will exer new. 25 
how'mnch he is to Ds: 'Galilew, the u:. 
Philoſopher, who applied a Teleſcope to 

2 Heavens, and by its means diſcover d 4 great 

many new ſurprizing Phenomens ; 38 the _ Moon's * 
e Satellirs of Fupiter, and their Motions; the va- 

rious Phaſes of Saturn ; the incteaſe and "decreaſe... . 

, of rhe Light of 110. 1 e e and un- 
| "even Surkace of the f 1 


* which were t greid#- - + 
ilo 8 1 55 ; 1 1 
i | Hanld mp ch exceed . fe = 5 
ſhould name the r E great Improvers 
--cur Art, with the Praiſts that W 25 them ; 5 
reicularly,. Mr. Hvelig, who bas gien us a 
= talogve of the fixed. much ego than 
Debo s, compoſed from his own. cyripus Obſerva- A 
x The moſt Illuſtrious Gentlemen, Meſſieurs i 
| Hugens and Caſſini, who firſt ſaw the Satellits f 
Saturn, and diſcover d his Ring. Gaſſendu, Horrox,, 
THR * Buliialdw, Ward, Riccivlus, and many other Aſtrono=. © | 
een of great Renown. But we have one here, 
who on Account of his great Merits in Ke, AT: . 
does excell them all, thar i is, the moſt Eminent. and 
Learned, Dr, Edmund Halley, Savillian Profeſſor . 
Geometry | in this Univerſicy, my : moſt friendly Col- 9 
legue; ro whoſe Labours Aftronamy owes many, 7 
and. thoſe not ſmall Improvements : in him there 


ines out together (which I know hot if they are 
to be found in any other Perſon to ſuch = 
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the greateſt rity in Practical . Aſtrondny gan 
4 moſt profound and ex 1975 ul { | 
Which will. appear by hi mical . ; 
_ which he is ſhorcly to publ Wy 20 I's WI MY 5 
cel all others thar eyer were, ot N er wi 
de publiſned. 99 #14 ws PR . 
I could name many, others of our own: D 
men, who have done much * Seryice/towards. the 
Improvement of Aſtrenamy; bur we muſt nat paſs 
_ over in Silence the Labours of the celebrated Royal 
Fele the lr Mr. Jorg Kants, who MM 
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ed the Motions of the Stars, and has given us ? 
n F — eee or . 
which he made with very large Inſtruments, exact 
iy divided by moſt exquifire Art, and'Gicred wis 
Teleſcopial Sights.* Whence we are de rely mare 
on the Obſervations he hath made, than on thoſe 
that went before him, who made their Obſerva- ' ' 0 
tions with the naked Eye, without the Aſfiſtan ee 
of Teleſcopes. The ſaid Mr. Flanſteed has nike. 
Wiſe compoſed tbe Briezſh Caralogue of the fel 
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N e PRE FAC E. 
two Things, when they are to be learned by Begins 
ners, dias them too much, and makes the Do- 
C&trine difficult. Therefore I thought it more ad- 
vantageous to the | Learner, firſt to explain ihe 
Motions, and give an Account of the Phænome- 
na that ariſe from theſe Motions; which, when 
= ' © once underſtood, there will be an eaſy Admiſſion 
n into the Knowledge of Phyſical Cauſes. 
FOR which purpoſe, 1 compoſed the following 
125 . Lectures, which I read in the Aſtronomi cal School at 
Oxford; as my Duty obliged me: In them I have 
taken ſome Pains, that all the Celeſtial Morions 
may be clearly explained, and the Reaſons of the 
Phenomena,: which ariſe from thoſe Motions, be 
_ given: But particularly of thoſe which are to be 
underſtood hy the help of a few Propofitions of the 
Elements of Geometry. And therefore I would ad- 
viſe our young Beginners, who defire to learn 1. 
Hronomy, that they would place Euclid's Elements 
. before them, when they read theſe Lectures, and 
conſult them when they find any Propoſitions quo» - 
ted by us. Thoſe we chiefly uſe are but few in 
Number, ſuch are the 4th.-5th. Sth, 13th, 15th. z tb. 
29th. 32d. and 47th of the firſt. Flement. The / 
16th. 18th. 2oth, 3 1ſt. 35th. 36th. 3th of the 3d 2 
Blement: Alſo the 4th. Ith. and 6th. of the 6th - 
* Element; beſides the Doctrine of Proportion, con- 
= rained in the 5th Book. It were likewiſe to be 
| Wiſhed that the young Student of .4ffrovomy were 
= --- _ -Skill'd in Plain and Spherical Trigonometry. Bur 
if there be any, as I believe there are ſome, who 
deſire to learn Aſtronomy; and yet are ignorant of 
Trigonometry; T require of them, that they grant 
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and allow us this Poſtulate ; Becauſe in every Tri- 6 

8 angle, either Spherical or Plane, there ate three An- 
* gales and three Sides, of theſe fix having any three, - 
one of which — og Triangle muſt be à Side, ; 
all the reſt may be found. It is Trigonametry that . 


© teaches us how to perform this, whoſe uſe is apparent 
in all the Parts of Aſtronomy. mn 7 
. __ THERE are alſo ſome things in our Aſtronomy, 
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when wWé ſpeak of the Elliptick Theories of the 
Planets diſcover'd by Kepler. But I would not have 
the Beginners or young Students trouble them- 
ſelves with theſe Particulars, ſo * __ you them 
over. 
I. defire alſo, of them thar are OW 
with Aſtronomy, that after they have read the XI 
and XII Lectures, concerning the general Cauſes of 
Eclipſes, they would leave the reſt of chat Do- 
drine, till they are inſtructed in the Spherical In- 
Kirurions, as they are explained by us in the XX 
and XXI Lectures; and then they may return to 
the remaining Parts of the Doctrine of Eclipſes, 
contained in the XIII and XIV Lefures, '\ | 
THE M who underſtand what is here deliver d? 
may with much Ad vantage undertake to read rhat 
excellent Work of Dr. Gregory's, and learn the 
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; | * D DE Natural 
5 | veakds In FWwðã• a Volumes Folio 

ET i raid inbis ork babe Lab 
| ion of Twenry-rwozBiſtlaps,\knd»4baye Five 
ted Subfcri Clergy and Gen- 
; alſo his Degree voöf ivew him by the 
Fee e for this'excellent rende 
1 | Duo Volumes 2 f. 1 
veto the Lord's 3 or; 
le, 'wherein rhe Napre of *his 00 88. 
i the Ends for which it was inſtiruted, and 
4 he Duties requifed, in order” to a more worthy re- 
ing of it, ars bonßider di and certain Prejudice 
i - Weobviared. ' To Which : is added, an Appendit 

wich Meditations and Prayers: form'd on the 
Aal Parts of the.” Diſcourſe; with Pexotions Be- 
der and At the Time © Receiving t ie Holy Sacra- 
ment, and After it“ The Second. 1 ation With ſome 
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Twelve Cerwin, prac Ne LeSure ed 

2 9 Boyle, Eſq; cone! ing the Poſſibility, Ne- 

_ ceſliy, and Certainty o Divine Revelation, The 
Second Ediion. To which are added, Three Sen 
mon I. Of $criprure being a Rule. II. Of Ju- 
Ki catiod. III. Of a. Prppitiation. By the ! 

«| Reverend Jahn Lord Biſhop of Chiabeſter. Price Th 


_; * , 


AF 


a tf 


+- 


| F 


„ 


— — — — =_ l 
n . * 
— P 


. 


2 

n — 
4 
, 


—_— 
J B 
* 
IS. G 


: y ” 7 —— 


EE - 


2 3 1 1 » 4 21 4 T7 : 

17 WY > & 1 : p 1 „ . " a Me « . 
r 2010 . . , . 3 
G © ya g 


N 4 2 , : : 
—_ 


4125 


ry 
— x # 1 e 0 


FH ONOMICAL , 
LECTURES. 


| , 28 
0-799 Þ 5s * 
* 2 
. . | — P ; . „ . . z x » % ” + I gl 
v 7 , ” 24 4 8 « # : 143 ern 14 b . 5 
py * 4 4 2 C# 4 >. 4 * * 3 #%# AS 2 n #73 1 :, Y a 1 3 4 1 
= - * 4 
* 
1 f 4 


K I i 1 


. 
* 


855 1 99 „7 J 70 a4 

ie "LECTURE. 1. a 

15 106; ö : 
7 "of 1 8 and Apparent Motion. 85 1 


STRONOMY beings Sec VN | {> 


in which are explained the Motions - 


1 of Bodies that ate at an immenſe 


Diſtance from us, and the Appear- | 
ances which ariſe from theſe Mo- 4 


— 


| 
. 

GS] t ions? They who would learn this 
— muſt firſt be informed of the manner how 
the Motions of diſtant Bodies become viſible, and 
the Objects of our Senſes. 


AND firſt ir is plain, that fince the Eye looks 4 What be: 


upon ſuch Bodies to be at reft, which keep the fe N 5 
ſame vifible Diſtatice, the ſame Poſition aud Siu. 5 87 
ation, not only in reſpect of orher Bodies which Lb 
we conteive to bear reſt, but alſo in reſpect f 
the Eye that beholds them thoſe Bodies can only | 
$1427 | 


of the 
Senſeof Sec. 
ng. 


$TRONOMICAL 


Leck. I be perceiv'd to move, which change their Di- 
| 508 an r ee 


lion: It muſt be known, that the writers of 
demonſtrate that every Body which is ſeen, 


has its Image painted in the bottom of the Eye, up- 


on that Coat which iscall'd Reticular, or the Retina, 
whoſe Surface is Spherical concave. This Image 
is made by the Rays of light which flow from the 
Visible Object to the Eye, and are therein re- 
ceived and refracted: The Image of each Point is in 
that place, where the innumerable Rays which come 
from that Point, and paſſing through the Humours 


of the Eye, do by Refraction meer on the Retina. 


Plate 1. 
Fig. 4, 


fore at H: So alſo the Image of the Point E will 


LE T AB, a Portion of the wap 6's of a 
Circle, repreſent the outward Surface of the Eye; 
DG the botrom or reticular Coat, which is form- 


ed by the Extremities of the Oprick Nerves, and 


ler C be the Center of the Eye: The Image of 
the Point F will be in the Line FCH, and there- 


be in the Line ECL, at the Point L; for the 
 Raysof Light will, by the pellucid ànd clear Coats 
and Humours of the Eye, be ſo refracted, that 


all thoſe Rays which come from F, and enter the 


Eye, will change their Direction and turn rowards 
„ Where they will meet; and likewiſe all thoſe 


which come from E, being refracted in the Eye, 


will converge and meet again at L, where they 


will form the Image of the Point E; for by 


ſtriking on the nervous Fibres in theſe Points, 
they will excite the Senſe of Viſion. ay 

THERE is a fine Experiment which con- 
firms and demonſtrates this Doctrine. For if the 
Eye of an Ox, or any other Creature, juſt after its 


Death, be taken out of its Head, and the opake 


and black Coar call'd the Chorozdes, which covers 
the back Part of the Eye be ſeparated, fo that the 


thin and pellucid reticular Coat may appear 15 if 
2 1 
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Hd os 28 
with Pleature and ene fs Picture on 
r Object in ia * 
drs: We ſhall wave the Zine 2 

— of the Ehe we rake any Convts. 
7 Telekrope, and turu it tdurds the Obs 
5 place 4 white Paper at à due Diſtance 

lad the Glats; we mall obſetve upon the 

etack Image of the Object, diſtiuctiy : 
ge feces with its lively Colours: 
ne IF therefore the” Image H of tie Nin B . \; How 2. 
© main unmoved on the Ti 0 bia of the we 11 th 
in the Eye being "Hkewiſe unmesech the Object F — 
ie bin be at Feſt? But if the Pelht F be carried vo 
s E, its Image will ſucteſively paſs thro 
4. different * ina, ad — — nr 
6 — „ Will excite the Senſution of M * 
'; point F be ak à great Diſtance from wh 
7 and che — — . — el porn room br 

the Eye, . tor will ju e 
f tnde bo rhe Appatent Motion, "by th Wage 
1 
e 
$ 
R 
e 
$ 
e 
4 
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bf the Angle F CE. 
IF in the is OF there beanother Objock M; 
which is bg neo a great Diſtance from us, arid 
this Obj et he tried froth M to N, its Motioti 
will vi Appar to be rhe ſame with 'rhar of the Obs 
of che way of both wilt Appeir the ſame; 
85 two Images ng the ſamie Path, and paſſinn g 
thro rhe Tame Space in the bottom of the EBye / 
If the viſible Pome M be carried in che Line C1 Kuntde 8 

from M to F, ſuch a Motioti cannot be perceiv'd 
by the Spectaror, the Image of M'temaining un“ 
moved all the while on the Min: And whatever 
Bodies are 8 in Lines thi paſs thro* the Cen- 
er of che Eye, the Motions of 'futh Bodies are not 
so de 0 Ng by our Sighr, yk warn yer 
der way diſcern ſuch Motions, bur by the increaſe! | 
& & didnt No plendout und viſible Magni- 1 
5 wle of the Object ſpeak here of diſtant Ob- - 
. I jets: For thoſe Nr tos — - ws, tho' 1 move i | = 
| Lines paſting thro' the * vet w. e may a 
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' Lect; I. their Motions; by iche change of -Pofition and Sis 
CV mate whichinhey, bold/in,reſpedh w) ether Bodier 


FS 


Whoſe PoGriogs and: Diſtances are; „ NOM, 
hate vet hs he Path;of,.che moveable, in 
de Hai BOD, arhiter . be inthe; WEI 
= —_— otzin:thecucular Arch FAE 08719 
=_ - wer rp when eee, e 5 
its Appatent Motion will always be, ſeqn bo, -the 
2 ng train Angle FCE remains, the ſame, 01 
when rhe Angle FCE is inereaſed or dimiviſh; ore 
ed, the viſible Motion will be in like manner in- con 
= e e  creaſeds or diminithed, ee can be oY 
| hav yo . only meaſured, by that a ao Nb ig 18 7 
= IHA Teen che Apparens;A 73 0 
ns 11 be determined, we muſt be 
j the Method; by-which Geometers and 5 — 
1 The Mes- fil hutithe>Meadares of Angles wich 5 
. ** commpalyckpown,reven'ro themeaneſt Arrilts, yer 
* that; e anay;}emit- nothing which, wall make | 
what is to follow 'eaþly; conceived by. Beginners, We 
will here Explain it in a few Words. 
E UCI has demonſtrated. that the Angle 
_— at the Center of any Circle are proportional 10 
3 the Arches on which they ſtand, and therefore the 
ö Meaſures of Angles will be beſt. known from thoſe 
= Peripberies or Arches which ſubtend them: On 
42 which Aceount the Aſtronomers divide the whole 
Periphery of a Circle into 360 Parts which are 
, Degree called Degrees, and they divide each Degree i a 
Scruples 60 other Parts which are named Scruples, or, Fi 
| wr Minutes, Minutes; each of thoſe Minyres are again divided 
HH into 60. Second: Seruples or Minutes, and each 
1 Second is alſo ſuppoſed to be divided. i into Thirds, 
—_— each Third into Fourths; and ſo on. bes 
grees 


=_ | | BWI this, means they. reckon mo more 

—_ .. or Parts in iche greateſt Circle than in t leaſt that 
. i is, and therefore if che ſame Angle at the Center 
3 | be ſubtended by. two. conxentrical, Arches, , they, 
| 1 count as many Degrees or. Parts in the, one' AL FRET 


| i = do in thę other; for theſe;rwo Ar. F s have the 
1 Plate 3, Tame Proportion to their whole, Peripheries. For 
Fig. 2. eee * BE 5 Angle, and from che 
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ſeen thro\ rhie: 
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erben 8 
rere /rvto Arches 2 Le 1 
DB, \fubreadigy gte: Pbere are as ma S | 
Degrees 'andiMtnurds oontibtÞin-ts'Arch/ K B, : 
a5 chere are ne Arch DE, Althe wd Radies or 
CC ²˙ AA ͤ 0 
long, and ae Radius of the- ore ige e : 
Fed Atars . It / is true indeedg cat A 3 
te'Arth A Bris fomuch jeſs than a Dee then | 
Arch DE, as its Radius C B is leſt ffn Dritt 
CD: The Atigle C is ſaid to be of ſviman¹ ] 

tees or Minutes as che Arch wi ſubtends d ect 

contains of ſuch Parrengng bobrm 2 A 

TH E Iaſtrumient by which: Auges are obſerved,” th 7 * 
i known! Portion! of the Peripheryi of a Circle au. ” 
as Quiattrant, tant, no Qutane, that is — * 
fourth Parr! Gzih:Parr;lor — 1; Fartiof the'whiotod *** ns 
If. ir be a Qua the Iliſtrument. N OP" 
Makers divide ip int — LethgrietIR1 4 
of 360, if a'Sextanr;7i is divided int Go, which is” 
the ib o 360 If 8. Ocbantſ ib contains 4 5 Des? 
grees, or the g eh af 360 Heide aten 


each Degree into Minutes, and dtiriute into 
Seconds, if the Iaſtrument be large enough to ſhew®. 
ſuch . the Side 


of the Inſtrument Pins or:Sighrs] b which chey⸗ 
collinear tbethe Object, and they faſten. likewiſe 
a Rule moveable about the Center upon the Plain 
of the Inſtrument; which Rule is likewiſe furniſh- 
ed with Sights, ee an they _— JO 
in this manner. 2 {73 
LET. A ad- be: two Objecde at a great , 
Niſtance from us: And ſuppoſe: the Obſerver ar i 


C who is to inea ſure the Angle AC B: Ler the 


Inſtrument bei turn d, till the Object A can be 
Sighrs of the Side CD and let the 
Plain of the Inſtrument be jo moved tound the Sid‚e 
OD, and the Rule round the Center, that the Object 
B may: be ſeen thro the Sights of the: Rule: It ies 
manifeſt: from what has been ſaid, that rhe Arch DEE AN 
will give the. Meaſure of the Angle AC B, and * 
that the Arch A B will contain as many Degrees 

and Parts, as the Arch DE, which the Rule cuts off 


MORE. 


from the Inſtrument. 


B 3 


"EY 


„% 4s RONDO 
Left. E MOREOVER! Aſtronomer have other Bonnds | 
or Marks from which they reckan gh 
ances of Stars, and Meaſure them witha like In. 
A [ Theſe are chictly the which: 

| The Ber me by. a Plane touching the af che 
Egrth where the Apoctator ſtands, andi is infinitely 
emended towards the Heavens ; - which it divides 

imo two Hemiſpheres. or Parts fen6bly:-; „ and 
ſepatates che Miöble Heavens from the vinble. 

And if 9 lar to this) 

thro! any $ the Arch of i NR 

— 


is balled the Altitude on Height of that Stat. There 


. 2 5 21 another Mark. — 


3 which the Rays. — come from the 
Sun or Stars, makE with the mn 5 
cular to the Horizon 2 
INSTEAD of plain Sights l | 
ly. make uſe of Teleſcopes, for: by their means 
diſtant Objects are more certainly and exactly: 
obſerved, than they can be, by our fimple View. 
The manner of "5/8 Teleſcope to Inftruments, 
the Method of dividing the Arch, and rhe Contri- 
vances for managing and moving the Inſtrument 
for Practice, we leave to the neee Inſtnu- 


Plate 1. ment-Makers to deſcribe. 


r. eue e di, Angie us, Bkewide:Gnd) 
— the Apparent Diameters of diſtant Bodies: Let 


22. Bo AB 2 Fl Line which is ſeen by the Eye at C di- 
es, 


rely oppolite 10. it, and drawa from its 


that Line AB is ſaid to a. 


Arona di. 


ween the Szar and the Harisan 


Extremities A, B right Lines A C, B E te the Eye, 
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and is ſaid ro be ſo many Degrees and Minutes as 
that Angle obſerved by an Inftrument contains: Af. 
ter the ſame way the Object D E, ſeen by the Eye E, 
is aid to appear under the Angle D FE, and the Ap. 


one another, as the reſpective Angles ACB, DFE, 
-BUT if the Eye come nearer . to the Object 
AB, ſo as to view it but from half the diſt 


patent Magnitudes of the Lines AB, D B, are co 


The 


rent Diame- 


that is from G; the Object will de from thenes 1g the 


7 


nearer we 


ſeen under twice the Angle it appeared under bes Approach 


fore: If che Eye come three times nearer, its Aps [7*" 


parent Magnirude will be near three times greater, 
provided the Angles be but ſmall, and exceed'nor & 
Degree or two: And the Apparent Diameters of 


fuck! Objects do nearly increaſe, as the diftanees 
from which rhey ate view'd are diminiſſ d. 


+BY this od, if we know the Apparent Di- 
ameters of two Bodies, and the propottton of their 
diſtances from us, we can know from thence the 
proportion their true Diameters beat to one ano- 
ther: For if their diſtances be equal, their true 


Diamerers will be as their Apparent : And if their 
Apparent Diamerers are equal, theit true Diame- 
ters will be proportional to their diftances.” For 
: If the Angle ACB be equal to the 


DEF, bur the diſtance C B triple of the 
diſtance E E, the Line AB will be triple of the 
Line DE : Bur if the diftance CB be not only 


grow 
er. 


triple of the diſtance e, but alſo the Angle AC - 


the Angle MCN; or ACB is double of the Angle 
4e, MN vill be double of de; but becauſe CB 


is triple of C Mor df,” A B will be triple of MN, 
and conſequently it will be fix times bigger than de. 
Hence if rhe Apparent Diameters of rhe Sun 
and Moon be equal, lex the Sun be 100 times fur- 


ther from us than the Moon, the Sun muſt. needs 


be 160 times in Diameter bigger than the Moon: 
We ſhall afterwards demonſtrate that the Sun's” 


B 4 Di- 


be double of the Angle d fs, the Object A B will - 
be ſentuple of the Object de: For if we ſuppoſe 
CM 5 ro df and an Object MN, beeauſe 


* - 
; 8 
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Leck. I. Diſtance from us is above 160 times greater than 


a 


6.9 


that of che Moon s: 


I. F we know: the Ongar oo: Diaverer of any 
Body, we can from thence, exactly know mw the 


help of Trigonometrica! Tables, what Proportion 


the Diſtance of that Body bears to its true Dia. 
meter. For ſuppoſe the Gbject D E to be ſeen by 
the Eye at- F under the Angle D FE. For Ex- 

mple of one Degree; then the Diſtance FE will 
5 to D E the Diameter of the Object, as the Ras 
dius of a Circle is to the Tangent of the Angle 


.,DFE; that is ſuppoſing: DF E one Degree, as 


' 1000015 to 174,3. The Sun appearing under an 
Angle of about balf a Degree, or 30 Minutes, its 
Diſtance will be to its own Diameter as 10000 to 87: 
Hence we are certain that the Sun's Diftance from 
us, is nearly equal to 115 of its pwn Diamerers, 
And if an Eye were placed in the Sun, to obſerve 
the Angle under which the Diameter of the Earth 


appeared from thence, we then ſhould be able to 
tell exactly rhe Diſtance of the Sun from us, in 


Diameters of the Earth, or in Miles. 

. SINCE, as we have ſaid, the e 
ameters of Bodies grow bigger the nearer we 
come to them, and that they are increaſed almoſt 
in the ſame Proportion that the Eye approaches 


them; (for Example: If any Man were ten times 


nearer to the Moon than we are, and did there ob- 


The Ad- 
vantage: 
JTeleſcopes. 


* 


ſerve it, he would ſee the Moon ten times bigger in 


of its Diameter and clearer than we do; in Diameter 1 


ſay, for the Surface would Appear 100 times larg- 


er than it does to us.) If here on Earth we ſhould” 
take a Teleſcope which only encreaſes the Diame- 


ter ten times, and look to the Moon with it, the 
Moon will have the · ſame Appearance ſeen with 


ſuch a Teleſcope, as would appear to a Spe- 


tor ten times nearer it than we are. But if we 
ſhould uſe Teleſcopes (and ſuch there are) which 
Magnifie the Diameters of Objects 100 or 200 
times, they will ſhow the Moon in the ſame man- 
ner, figure and bigneſs, as it would appear in, 
at 2 Diſtance: 100 or 200, times leſs than ours. 
1 +: 4 8 Hence 


26e eee. 
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Hence we can pefceide with our Eyes with what 
at the Diſtance of three Diameter of "the Earth 
As likewiſe. we can diſcern how'ft would appear 
if we approathed it much nearer, and vie w it only 


at the Diſtance of 1690 Miles; for from thencæ 


we ſhould be able ro diſcover in i vaſt Ridges of 


open Fields. By the means of Teleſcopes we ill 
aſcend higher in the Heavens, and we can ap- 
proach the Planets, Comets and fx -Stars ſo near, 
that of ſuch immenſe Diftances; cherte remains only 
the hundredth, or two hundredth Part to have 
the whole Journey finiſhed :/ And from thence we 
can behold the Converſions of the Planets about 
their proper Axe; the Moons of Jupiter and 
Saturn, their Eclipies; the Belts of Jupiter, the 
wonderful Ring of Saturn, and all the various 
Appearances and Shapes it takes. We could nor 
oer without taking Notice in this Place, 
theſe advantages of the Teleſcope, ſince it is the 


what Feet; RL, 
Face, and how latge'the'Moon' would how it ſelf, 1 


chief Inſtrument by which we Obſerve the Mag- 


nitude of the Heavenly Bodies, and their Appa- 


rent Mot ions. 


SINCE the Motions of diſtant Bodies 10 8 


other ways to be known, but by the change of Mdtions "of 
the Angle which is at the Eye that obſerves · them n 
it will eaſily appear from thence, thar tho Bodies ore in them- 


move equally and regularly, deſcribing equal — 
une 


Spaces in equal Times, their Morions, notwith- 


ſtanding may ſeem to be very unequal and irregular. 
e Pla Th 


This will be beſt underſtood by an Example. 
SUPPOSE a Body to be revolv'd in the 


pPeriphery of a Circle ABDEFGQ, and to move 
_ thro* equal Arches AB, BD, DE, EF, in equal 
Times; and let the Eye be in the Plane of the fame ' 


Circle, but at a Diſtance from ir, viewing the 


Motion of the Body from O: When the Body © 
goes from A to B, its Apparent Motion is meaſur'd d 


by the Angle AO B, or the Arch H L, which it 


will ſeem to deſeribe; but in an equal Time, while it 


moves thro' the Arch BD, its Apparent 9 18 


i 


How the 


Fig," 6. 


— - 
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arrives at D will be ſeen ar 


phen it 
of the Periphery NL M: But it 


takes the lame time to deſcribe. D E which is e- 


dual to A „or BD, and when it arrives at E it 
is ſtill ſcen at the Point M ſo chat all the time it 
is moving thro' the Arch DE, it appeares almoſt 
immoyeable, and as it were x9 ſtand ſtill. While 
the Body is continually going forward in its 
| . pd deſcribing the Arch E E, when it comes 
F the Eye in O will ſee it in L. and it will ap 
to have gone backwards in the Arch ML 
per alſo while it moves from F to G, at its arrival 
ar G, ir will be ſeen at H in the very ſame Place 
it appeared in when it was: 4 So likewiſe 
while it paſſes from G thro I 0 Q, rhe Specta- 
tors Byè at O will obſerve it as if it had de- 


ſcrib d the Arch HK N. And tho it is till going 


on it is Orbit, while it runs theo' the Arch QF, 
the Spectator will obſerve it all that time near the 


Point N, in a, Stationery State, After its paſſing 


by P, and, going to A, it will appear to change 
again irs Courſe, and deſcribe the Arch NKH J. M 
with ING Mocions. 

Optical las THI 


not really in the Bodies moved, but only Apparent 
to the Eye which perceives it, ariling from the Po- 
ſirion of the Spectator: For the Body all the time 


moves uniformly forward, and if the Eye were in 


the Center, it would ſee the Mocion always * 
1 1. fectly regularly performed. 5 
Ailteiit: IF the Eye were placed ! 


m the Circle, ter, and there the Spectator remained immoveable, 
thati equal, he would ftill obſerve the Motions to be unequal, 


. may appear altho the Body moved never fo regularly; and 


Pnequal, when, at the greateſt diſtance from him, as at 
can never be A, it would appear to be ſloweſt; when it eomes 


N out 105 neareſt, it would ſeem to move quickeſt. This is 
to — th for * Arches A B and CD being * 


Courſe, 5 * 


in | of | Mation: i ß 
en. Aſtronomers the Optical Inequality: Becauſe it is 


in ay Point, as 0 
ed with- Within the Orbit of rhe Body; bur not in the Cen- 


roy 
e 


5 e n 2 2 


am a 


4 = 'E1OT U/ROESSX 2 * W 
they. deſeribed in equal times. Nut the l 
ho OC — — e Mor oral 
tion in {tom 4 — than that at A, But 
in this Cafe the Body will never a ee 
or 10. go backwardi but always forward: Aud 
therefore when a Specaror placed within the Orbix - 
of another Body, and viewing its Mation, - pers! 
ceives it ſometimes to go forward, then ra and. 9 
ſtill, and afterwards: — backward, 6 wa 
from. thence conclude thr the place des rope 
n ne 20; A not 
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HW nn at 1:51 
of . 7p 1 Motion which'arifer 1 
be Mic of the Ky Petarer,, ar Obſerver. 


;IY FE JI TH ERTO we have ſuppoſed 

8 > "+ the Spectator to have remained im- 
f = 4 moveable all the time of the abſer- 
? vation: But if the Place of the Ob- 
LE! erer be likewiſe mayeable, then 
there will be very different Appearances, and 
the Eye will perceive thoſe Bodies to be at reſt 
which may have really a very quick Motion, and 
other Bodies may ſeem to be in Morion, , which re- 
main —* at teſt: And not only theſe appear= _ 
ances may be ſeen, but the Motion of Bodies ma 
appeav to be directly contrary to hat they gruh 
ate, and Bodies which are really going Eaſtmard 
may appear to move towards the Weſ All which 
will be moſt eaſily declared and made plain, from 

the appearances obſerved by them who Sail in 3 

They who 


Sbip, 
SUPPOSE A Ship carried by the Winds 3% in 4 
with a ſwift but uniform Motion; the Paſſengers. ber- 


cas neither perceive che Motion in the Ship, nog of <xve® 
any the Ship. 


4 , 
: = 4.4 4 fe 
- * 5 a$** 
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win ; rhitlg ia i chat keeps 
5 n Fr ſince che Veſſel and all irs Parts 


ASTRONOMICAL. 


rerain — tame Situation and Poſixion iii reſpect: 


of the Eye, their Images inted on the N 


wy always abide in the ſame Place,” and therefore? 
they muſt appear unmovetl. Hence it is, that; 
tho every Thing: in che Ship goes as ſaſt ſorardo 
as the Ship it ſelf does; yercfuch Morions camnat 


turns his Eyes — the yy or upon Objects 
Which are without the ke W. 
mond; for while the Shiß 


nal Obje#: jects in reſpełi of s ſelf will be changed. and 
—_—— their Images will ſucceſſively occupy different 
ſeem to Places on the Retina, and 
nene. our the Ship, which are really at reſt will ſeem co 

be moved, "whereas thoſe char ate within the 


Ship, and rea ly in Moxziqg, will Appear to be at, | 
reſt.” , 


3 7Ki 


1 — Ship is . faſt ram 


2 Ballof Lead, or any other heavy Metal, were ler 


fall from the Topmaſt, the Paſſengers in che Ship 

will obſerve the Ball to fall perpendicularly down- 
wards, and it will fall upon rhe Deck juſt by the 

Foot of the Maſt, after the ſame manner as it would 

fall were the Ship at reſt. But norwithſtanding” 
this, the true Motion of the Ball is not in the 

The Me- Perpendicular, but in an Oblique Line, in wich 


tion of air deſcends; and a Spectator in another 1 Ship © 
2 which is at Anchor, will eaſily obſerve this Obli- 
Sbip. quity and Curvity of its way While i it falls chro' thlble 


Air. The reaſon of this appearance is eafilyſhewed:: 
For according to the firft and prineipaF"Law'! of 
Natural Philgſophy, a Body once put into Motion, 


% endeavours to retain that Motion, and to continue 
moving in the ſame direction. Now the Ball 
while it was held at the Topmaſt went forward 
S with the Ship, and had its Motion communicated 


to 


the ſame relative place 


| be pererivad by 7a — that firs: in thaſamet 
relative” Placep und wid has the ſame common 
Motion with the Ship. But when: the Spectator: 


eu will = robe 


along with it rhe Eye of the Spectator, by which 's 
But exter- Motion of the Eye the Pofirion of external Ob- 


therefore. Objects. oP | 


” RR 8 | 


1 


ys 


LL EIS ona ihoos min ar eh eg e873» HR 


e * 


: that which h a Body 's 5 when it is th 


bee pn 8.2, >. 


g ume, its W 
180 ir 
ores, I mai 


Hie Ny he ny inde 
©: 1 ſh. one Rs an IE ra) 
;zherefore be 4 rd 

as much downward: as it would bg, "did the 


op. Forces N it bes hn 


e igechion: pe in tc 
ir, = .maye, .by.a Spechara 
near it n. ip! — e Betic 
hg he Xe, 5 carl w 
the ſame een ey 
ſame Diſtance from each other, and 
Ball will touch the Deck juſt by the 
Maſt Laren 1 popes the Ball rw 
is com e Ship, its „ AS; 
wiſe to . So» At hare ee at reſt 
in the . But we have be Ros pee, „that the 
common c not Reeg ſerved by the 
Paſſengers in che Sh ip, and erefore, it cannot 
be perceived neither while the Ball is Bling 


be chat which is, impreſt upon it 1 

which is peculiar to the Ball, — by\ Hg, 
delents,. And therefore, the Palnger will 
the cendin erpendicular . Line. 
Experiments bave, 8 12 - made, which de- 
monſtrate that all q + have Gid is exactly true. 
IF any Perſon enen 85 e Ship's Head, ſhould 
throw. a Ball, —_— Stern with the ſame Ve 
locirxy that the Ship goes, forward, that ball would 


2 . 
ith. 


SATs ISR Bl, 83 | 


| Wherefore the only Motion that can be ſeen 155 "OT 


The e- 
ion of aBall 
— with- 


neither go forward qr. backward ; and if 4 in the 5bip, 


Wwers no e ir: would: remain immonea 


a \ - * — — 
4 8 


174 ASTRONOMICAL 
Led II. gut betauſe Gravity Acts üpôn it, it WAI re 
Aueſerad in a Terpendiculat Lite; and a | 
In à Ship at Adchor would obſerve it deſcen ing 

in 4 Right Line. Fot the fote# impreſt upon! 

wheh it Is thrown, will 6hly deſtroy force 
commnnicared ro it fromm the Ship, to which dhe 
Projectile force is contrary and equal. But for 

all this, rhe Paſſengers will nor perceive this Pet. 

\. pendicular and direct Motion, but they Will fee 
— Ball go towards the Stern with the ſame forte, 

s it really would have done, had the Ship been at 
reſt, aud the Ball been thrown with che ſame force 


CC Ta 


: 


BU if the Velocity with which the Ball is 
thrown toward the Stetn ſhonld be leſs than rhat 
of the Ship, the real Motion of the Globe will 
be forward, in the ſame ditection in which the 
Ship goes, hut flower than it; for the whole Motion 
communicated by the Ship will not be deſtroy d, 
and there will ſtill remain a Part of its former Mo- 
tion, by which it will be carryed forward, tho not 
0 faſt az before. Bur the Paſſengers will perceive 
no ſuch Morion, but they will obſerve the Ball to 
to be moved in a Line directly contrary to its real 
Morion, ' with that very Velocity that it would 
have, were it thrown when the Ship is ar reſt: 
Hence it is plain that Bodies may appear to have 
a Motion directly contrary to their real and abſo- 
JJ 05 9 267-15 FAR 
Abbie. B U T. ſome may Object, chat the Ball ths 
on, thrown, will really hit the Stern of the Ship, ant 
impreſs on it a conſiderable Blow, which it could 
not do, had it not 4 Motion towards the Stern. 
But this difficulty is eafily removed; for rho! they 
chat are within rhe Ship fee the Ball go and hit 


debe Stern; a Spectatqr without, who i# hot in 
= 5 Motion, will obſerye that the Ball does not come | 
1 upon the Stern and give ir a Stroak, bur that the P. 
OW Stern tuſhes upon the Hall, and acts upon it with r\ 
4" All its force: And the force of rhe ſtroak which b. 


each Body receives is the fume as if the Ship had tt 
been at reft, and the Ball kad fallen upon it wn | 
7; wha "OY als 


FCC et beg . N NAS 


perceive how wide the Differences may 
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the lame Velocity chat the Stern does really come Leck II. 
ainſt the Ball; for it is known from the Laws WWW 


Motion, that if there be any two Bodies A 
and B equal or unequal, the force of the Stroak 
will be the ſame, Whither B with a certain De- 
gree of Velocity comes upon A which is at reſt; 
or if B ſhall be at reſt, and A with the ſame 
Velocity ruſhes upon B; or if bork Bodies move 
the ſame way, but A moving faſter by its greater 
Velocity gives B an impulſe, the force of the Stroak 
will be the ſame as if B were arreſt, and A 
came” upon it with the difference of rheir Ve 


ties, that is by the exceſs wherewith rhe 1271 


of A is greater chan that of B: Or Laſtly, if 

and B have contrary Motions, and hit one againft 
the other, the greatneſs of the Stroak will be the 
ſame as if one of them ſtood ſtill, and the other 


come againſt it with the ſum of their Velocities. 


In one Word, whatever the real Velocities of the 
Bod ies may be, ſo long as their relative Velocities, 
or the Velocities by which they approach each 
other remain the ſame, the force of the Stroak 
will likewiſe remain the ſame. Hence it is, that 
in a Ship, however ſwiftly it may Sail, all aur Ap- 

arent Motions, and the Motions of every thing 
in the Ship, do all appear to be the ſame that they 


would, were the Ship at reſt: And it is ober- 
vable that Flies and other In/e&s keep the ſame Mo- 


tion in regard to one another, whither the Ship is 
at reſt, or Sails untformly forward with any de- 
gree of Velocity, let it be never ſo great. And it 


is Univerſally true, that all Bodies that are ſhut up 


in any one Place, preſerve the fame Motions in 


regard of one another, and all appearances will 
be the fame, 'whither the Place remains unmove- 


able, or has a direct uniform Motion forward. 
1 have brought theſe Examples char * ay 


tween real and Appatent Motions, and bow 
bard it is to judge of real Motions, by thoſe 
„ bi Shed hs 35 * 


rr 


BY 


Plate I, 


Fig. 8, 


* 
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they without any Diſturbance 


| World, we muſt ſuppoſe it to be obſerve 


ASTRONOMICAL 
Lech HI. B Y | this ir is evident, chat if a Spectator wert 


placed in Jupiter, or Saturn, or in any other of 
fea g fs never be made ſenſible of rhe 
Motion of his own Habitation, no more than they 
who Sail in a Ship can perceive the uniform mo- 
tion of the Ship. Paſſengers who Sail in Ship 
may indeed be very ſenſible of the frequent T 
lings and ſudden: Shocks the Ship receives from 
the Waves and Wind, which they find exceedingly 
troubleſome to them. But the Planets which com 
poſe a Celeſtial Fleet, are pots to any Storm 
Commotion eirs 
culate in their Orbits, and Sail as it were in a moſt 
8 Ocean, which is continually Calm and 
r not n3d 4T6TGGY 525 5.20 
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3 of the Syſtem of the World. a 


"0 * 


T | the different Situation and Mo- 
tions of the Spectator, the Ap- 
pearances of Things will be very 
various and different. That we 
J may have a more Diſtinct know- 


E bave ſhewed that according to 


ledge of the Fabrick of the World, and that the 


admirable Beauty of the Univerſe, and the har- 
monious Motions of the Bodies therein contained 


may be more eaſily underſtood, it will be requiſite 


that that Divine and Immenſe Fabrick ſhould 
not be obſerved from one Point or Corner only: 
Bur as in Viewing of large Palaces, we take the 


different Proſpects they afford from ſeveral Places; 


ſo here to have a true and juſt Notion % the 
in 


dif- 
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„„ LS CT URS. 17 
different Situations and Diſtances, that by ton- Lect. II 
templating che various Proſpects it gives us, and ] 
comparing them together, we may obtain ar laſt a 
diſtinct Knowlege of this Immenſe Pulate of GG 
e ons gave an Idea or Image of it im 
preſſed on 6uf Minds, which is worthy of its In- 
finirely wiſe Architect. [119113 1? ons 8 49K 
FOR to underſtand therefore the Heavenly 
Bodies, their Moriotis, and Appeatances, which a 
called Pheuomena, we muſt feigni ourſelves mot 
to be Inhabitants of xhis Earth; and fixed to otle 
Habitation, bur ſuppeſe we have the Powers 
Travelling every where, thto the Immenſe Re. 
gions of indefinite Space; and therefore weiwill we may, 
ſomerimes take Poſſeſſion of ſome immoveable Plade, e 
from” rhence' we will transfer our ſelves 70 the have « free 


zun, to obſetve the Regularity and Harmony: of 7775 or 


the Motions - which” are to bei ſven from thence, fs ge, 
afterwards. we will take a Journey to ſome o- of the Vni- 
ther of the Planott, that we may from them verſe, and 
obſerve the Apparenr Morions of the Heavens; fe 
nor will we confine our ſelves within / this Pla- to another. 
netary Syſtem, but we will yet aſcend much higher 
in the Heavens, and view the World from a 

1 141 ; | | 


2 Ye, ibo from Heaven remote, to Heaven will move 
With flrength of Mind, and tread the Abyſs above: 
And Penetrate, with an Interior Light, —_ 
Thoſe upper Depths, which Nature hid from Hebe. 

Pleas'd we will be to walk along the Sphere 
Of ſhining Start, and travel with the Tear. 
To leave this heavy Earth, and Scale the Height 
Of Atlas, who ſupports the Heavenly weight: 
To look, from upper Light, and thence Survey 

Miſtaken Mortals wand ring from the way. 


| Ov D's Metamorphoſis, Book XY. 7 
„ e 34: 14 200008 
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LectAII. NOW. tho' our Bodies by reaſon; of their 
G Gravity: towards the Earth, ave detained. as it 
ps were Priſonets in this! earthly. Manſon 3; yet no- 
thing hinders, but that with our Mind and J. 
maãgination, we may wander throf. all che. Heavenly 
Regions, and from them Coatemplate with the 
Eyes of our Reaſon, the whole Syſtem of Nature, 
Nor do I ſee how this liberty of Imagination 
ran be denyed us, which was always, allowed to 
the Aſtronomers of all Ages; for they t obſerve 
the equal Motions of the Heavens, thruſt the 
Spectator down to the Center of the Earth, arid 
ſſuppoſed that the Heavens were viewed from 


tthefce, as from the Center of à Cryſtal Globe, 


An Aſtronomer thinks it no great, Conceſſion ot 


| e aſtulatum, that he zan draw a Line from ti 


Sus to the Center of the Earth; and from thence 


again to any, Hlauet or Star. He divides the 
Heavens with his Circles, and marks out the ways 


of the Planets; and indeed without ſuch a Li- 
FLenſe he could never have brought. {/lronony 
to any degree of, Perfection. 

„ A therefore it was a Cuſtom among the 
Aſtronomers, to place the Eye in thę Center of the 
Earth, to view from thence the Apparent diurnal 
Revolution of the. Heavens; which would from 


thence be ſeen an equable Motion. We will on 


the contrary, Carty the Spectator to ſome im- 


moveable place in the Heavens; that the real 
and abſolute Motions may be obſerved from 
thence as much as they can be, equable and uni- 
form. For the Aſtronomers of all Sects do agree, 
that the Motions of the Planets are in themſelves 
ſimple, regular and uniform: But when the Hea- 
vens are viewed from the Surface of the Earth, 
or even from its Center, the Planets ſeem ro be 
carried by very unequal Motions, and not to 
| obſerve any regular Courſe 5 and therefore we 
ThePlan#ts may certainly conclude, that our Earth is not 


cs bye placed in the Center of their Morions. He there- 


knequal and fore that would obſerve the real and proper Mo- 


irregular tions of theſe celeſtial Globes, muſt firſt place 


1 ; | him: 


tor 


LL) B*CTT U REC ZT ng 
rn ee he Selz, Gr in Come Dad III/ 
2 int or Space hot fat diſtant ſtom iti; and then then W 
ſet him 'confidet” what” will be'ttle: Ap 
or Phi. 4 he will behold — SY | 
1D firſt-ir is te be noted t{barwhirorer 1227 52 
in the 


the s tor reſides,” be will til Ye im che Cen- way 
ter of his own view ; for in an 4#defihite Space, 


Center ' of 


1 81 there is nothing to bound dur Proſpedct, 
all Objects thar are“ ar a great Diſtance from us, 

tho" they be at immenſe Diſtances 2 an- 

other, yer if they appear in the ſaiieiright Line 


which” paſſes” rhro' the Eye, will be ſeen at 
the fame Point 6f Space; and ag Bodies will . 
appear equally remote, when their Biſtances from 
i become ſo great, that the Eye cannot eſtimate 
or Judge of them: And conſequently the Spectar- 
look upon thens all as placed in che Sur- 

face of a Sphere, Which bart Ag Eye for its Cen- 
ter, and whoſe Surface is at an immenſe Di- 
ſance, in which · Surface, all the heavenly Bodies 
will ſeem to perforni their Motions Thus tho 
the Moon be many Millions of Miles nearer to 


us than the Sun, and he again much nrafer tan 


the fixed Stars, yer-all appear as placed in the 
ſame concave Surface of the Heavens: And 


even the Clouds Which are but a few Miles 


above us, would be judged to be as far diſtant as 
the Moon and Sun, if they did not ſometimes 
cover them, and obſcure their Lighr. In whar- 
ever place therefore the Spectator reſides, whether 
it be in the Earth, or the Sun, or in Saturn the fur- 


thermoſt of the Planets, or even in a fixed Star, that 


place will be looked upon by its Inhabitants as the 
middle Point of the Univerſe, ' and the Center of 
the World; ſince it is the Center of chat ſpherical 
Surface in which all diſtanr Bodies vp ro be 


placed. 


A Sp ectator 3 ring in che Sun, wheb The pro- 


he looks towards the Heavens, will obſerve its fret of of the 
Surface to be ſpherical concave, and concen- 
trical ro his Eye; in which Surface he will ob- the 
ſerxe an innumerable multitude of Sars, which 
C 2 we 


the enter 7 : 


20 ASTRONOMICAL 
Lect HI. we call N, every where diſperſed throughout 
ce whole Heavens, which like ſo many gilded 
| Studs, with a-bright Luſtre adorn the Firmament. 
Theſe Stars we call Fixed, becauſe as ſeen from 
the Farah, they, preſerve the ſame immutable Po- 
ſſtions and Piſtances from each other; and ſo 
> + fronvthe Sun likewiſe, they will appear always to 
xkxetain the ſame Situations in reſpect of one an- 
other, nearly as they are obſerved to have when 
ſeen from the Earth. For their Diſtance: eithe} 
ne in. from the Barth or Sun is 10 great, that the little 
nienſe . place (however great it be when 3 
Bance of the red to our common Meaſures) which is made by 
[oi ale bringing Aa) Spectator from the Earth to the Sug, 
Sun. will ſcarcely. make any change in the viſible 9 
tuation of the Stars. Now tho the fixed Stars 
ſeen from the Earth do always preſerve the ſame 
Diſtances, Poſitions and Situations in reſpect of 
one another, yer in reſpect of the Eye we obſerye 
IIbe Stars them to change their Poſitions, and ſomerimes 
. they, ſeem to mount higher in the Heavens, and 


% of to came more pe ndicularly over us; then they 
L 


ſome. in greater, ſome in leſs, about an Axis which 
is the Axis of the Earth: And this Circumvolution 


of rheirs is every Night to be obſerved from the 


Earth; but whoeyet would view them from the 
Center of the Sun, would perceive them abſolute- 
ly immoveable, and always abiding in the ſame 
place of the Firmament. Aud this Appearance 
will be the ſame, whither the Stars do really reſt 

in the ſame place; or whither the Heavens, in 
Which the Stars are placed together with the Sun, 
revolved round the Axis of the Earth: For 
if there were really any ſuch revolution of the 
Heavens, a Spectator in the Sun would have that 
Motion in common with the Stars, and therefore 
he could be no more made ſenſible of it, than a 
Paſſenger in a Ship can obſerve by his Senſes 
the Courſe and Motion ot the Ship. __ 
BBE SI DES the innumerable Stars at reſt, 
there ate Six other ſhining Globes to be obſeried 

; | | 20S WAIC 


ve Meda. deſcend again and appear to turn round in Circles, 


2T 


"LECTURES: 
which perform their cireulations round the:San; I. NX. III. 
in very different Periods of Time: And therefore 
they muſt have conſtantly variable Pofirtoins, and 

be always changing their Diſtances from one a- 

nother, as well as from the quieſcent Stars. Theſe 

Globes or Stars are called Planets, which ſigniſies 
Wanderers, and one of them is rhe Earth, the place s 

of our Abode. And even tho we ſhould: ſuppoſe: 

the Earth to be at reſt, and that the Sun did 

really move round it in the Space of a Lear, yer 

2 Spectator in the Sun would ' obſerve. that be 

Earth turned round about him; and would les 

it deſcribe the fame Circle in the Heavens, : that 

we in the Earth obſerve the Sun to perform his 

Courſe in; as we ſnall afterwards demonſtrate. 
THE Names and Characters, or Marks for 2e 62 
the Planets are Saturn h, Fupiter , Mars &, Planets, or 


the Earth Þ, Venus 2, Mercury . 1 Theſe Cha- Wanderers. 
raQers were Invented by the Aftronomers 4s Abbre- 


viations in writing. The Planets do all turn tbe: 
ſame way as the Sun, from the Veſt to the Ba, The Bla 
in Orbits which lye in Planes, which are not muchi "ets | fury | 
inclined to one another, but nearly coincidingo — from 
So that the Planes of theſe Orbits in the Hea Welt io Kall. 
vens, being little inclined to one another, ma- 

ke Angles with that Circle in which the 
Earth is ſeen to turn round the Sun, but of a 
very few Degrees. As all Planes that are not : 
Parallel, cut one another in right Lines; ſo the 

Planes of the Orbits in which the Planers move, 

cut one another in Lines that paſs thro the Sun's 

Center; and therefore a Spectator there placed 


will be in the Plane of each Orbit, and will ob- 


ſerve that the Planets moving in the concave Sur- 
face of the Heavens, perform their Motions in 
great Circles, which divide the Heavens into 
equal Portions. Now the Eye being in this Si- 
tuation, in the Planes of all the Planets Orbits, 


can never by that means judge of their different 
Diſtances from the Sun; for from thence they _ _ ©... 
will all ſeem to be at the ſame Diſtance from him 


And therefore to 8 2 their different Diſtances; 
an, N 3 | as 


nay 


2%: 


. 


ASTRONOMICAL 
as: well as Periods, it will be neceſſary that our, 
S tor ſnould remove from the Sun, and: rife 

ve, the Planes of all the Orbits, in 4 Line 
P icular to the Plane of the Earth's Orbit; 
and, for Example's ſake : Let us Suppoſe him to riſe 
ſo high, as thax his Diſtance from the Sun may 
equal rhe Earth's Diſtance from it, and let him 
there make his Aſtronomical, Obſervatory: From 
thence he will not only obſerve the ſame fixed 
Stars in the ſame Poſition as before, but he will 
ſee both Sun and Planets in the Heavens: The 
Sun indeed will appear like the fixed Stars, immove- 
able; but the Planets will be ſeen to turn round 
in leſſer Circles about him, at very different Di- 
ſtances, and in different Periods : They | who 


fſmiſn their Circuits ſooneſt are ſeen neareſt t0 


® 4 
- 


The order 


bf the Pla- 


ntts. : 
1 . 


# 


Plate II. 
Fig. 1. 


the Sun, and the Circles they move in are the 
leaſt; they who take a longer time in revolving 
deſcribe larger Circles, and are further removed 
from the Sun; and the order of the Planets will 
be ſuch as is repreſented in Figure 1 Plate II. 
Where the Sun remains unmoved in the Center 
of all the Orbits; round about him ſix Planets 
make their Revolutions, vix. Mercury, Venus, the 
Earth, Mars, Fupiter, and Saturn, all from the 
Weſt to the Eaft, according to the order of the Let: 
ters ABC D. Mercury is next the Sun, and finiſhes 
his Courſe in three Months: Venus in an Orbirtſome; 
what larger, performs her Period in eight Months: 
Beyond the Orb of Venus, is that of the Earth, 
which revolves round the Sun in the ſpace of a 
Year : Mars takes two Years to compleat his Cir- 
eulation: And Fupiter at a much greater Diſtance; 


does not finiſh his Revolution till after twelve 


Years : The furthermoſt and ſloweſt of all is 
Saturn, whoſe Orbit includes all the others, and 
requires not much leſs than 30 Tears to compleat 
his Courſmm. 19 238 7 55 


Te An- THIS was the Antient Syſtem of the World, 


fiens Pytha- 


Bon. 


which was. at firſt introduced into Greece by the 
Great Pythagoras and his ' Diſciples; who had 
learned it from the Wiſe Men of the . 
_—_ ET”. whom 


4 E C5 1 7 : 
whom, as to u Uaiverft ity they "then alf reſorted for Lect. III. 


Inſtruction. Tis! true, rhe other Apparent Syſtem, - 
which 3 the Earth —— and N - 


12 —— = uainted with true — — oben 
vill braced the Common Syſtem of n . 
he that the Antient Syſtem was ot, and not 
be- minded till the time of Nicolaus Copernicus, who 
} 5 brought it to life and retrieved it from Obli- 
Ji- on; and eſtabliſhed it by ſolid Arguments and 
ho Reaſons: MWhence this Syſtem is now called the 
to © Cpernican &ſtem. After the Invention of Tele- 
he I ſcopes, the Secundary Planets; with many MW. wit 
and unthought of Appearances, were obſerved in · ö 
ed tte Heavens by the Aſtronomers, wich did won-—- 
derfully enlarge the Antient Syſtem, and confi 
* r e e leſe The Pla 
r. 4a à Tele cope more 
oY nearly view: the Planers, he will ſoon find chat pa eſther 
he they are ce! Bodies, and opake, like our 2 
de Farth; having no proper Lighr of their own, hut 
i char they ſhine with the borrowed light of che 
„un; for that ſide of them which is turned tö- 
A wards the Sun is always illuminated, and it . 
„ke reflected Light of the Sun, that they beco 
h, viſible : Rur the fide oppoſite to the Sun, which the a 
a . borrowed Rays cannot reach, remains dark and ob.. 06h e 
. || (cure. And beſides this, as all opake Bodies do, : 
. the Planers caſt a Shadow behind them, n 
d is always oppofire to the Sun. The Line in 
is || the Planers Body which difinguithes the lucid 
g part from the obſcure, is ſometimes right, ſonic 
\r |} times crooked; and it is ſometimes convex to- 
wards the Splendid part and Concave on the ob- 
ſeure; ſometimes on the contrary, it appears Con- 
vex towards the obſcure Side and Concave to- 
wards the ſhining Face of the Plan —— 
0 e differen Ae . hg Hye 3 


C . 
, 4 


. 0 & (Toe . 


24 ASTRONOMICAL 
Leck. III. the Planet, and of the Sun which illuſtrates the 
Planet; which different Poſition is likewiſe the 


— . 


four Moons, 


cauſe why ſometimes we ſee a greater, ſomerimes 
aà leſſer Portion of the illuminated Face; as it 


ought to be in ſpherical opake Bodies which ate 


expoſed to the bright light af the un. 
The g. I. HRE E of the Planers, vix. The Earth, 


— 


cunday Jupiter and Saturn, | have other lefſer; Planen 


- * which continually. accompany them, theſe att 
called Secundary Planers, Moons or Concomi- 
tants; for. chey conſtantly keep cloſe to their re- 
ſpectiye Primaries, and always. attend upon them 
in their Circulation round the Sun; and in the 
mean time each of them performs his proper Revg- 
lution round his proper Primary. The Earth im 
TheEarth deed has only the Moon to keep her company, 
3s gccompa- Who never forſakes her in ber. Annual Courſe 
ned by the round the Sun, and while ſhe- attends upon us, 


Mol! ſhe performs proper Circulations of her own 


round the Earth, in the ſpace of a Mont. 
= THAT the Moon appears ſo large ta us, and 
ſhines ſq brightly beyond all the Stars, and in 
bigneſs ſeems to equal the Sun, is owing intitely 
to her nearneſs to the Earth; for a Spectator in 
the Sun, would ſcarcely, be able to obſerve her 
without a Teleſcope, and therefore if- ſhe were 
as far removed from us as the Sun, ſhe would be 
ſo ſmall as ſcarcely to he viſible by an Eye that 

is not aſſiſted by a Glaſs. 


Jopiter :. FUPITER has four Moons that attend him; | 
which at different Diſtances, and with different Pe- 


riods, perform , conſtant Circulations round him; 
that which is next to him, is no further removed 
than 2 + of his own Diameters, and turns round 
in one Day, eighteen. Hours and an half, The 
2 d, at the Diſtance of 44 Diameters, deſcribes 
irs Orbit in the ſpace of three Days, and thirteen 
Hours. The 3 d is removed from Jupiter, . ſeven 
of his Diameters, and finiſhes his Circulation in 
ſeven err Hours. The furthermoſt com- 
leats his Period in the ſpace of 16 Days, 161 


Hpurs, at the Diſtance of 12 Diameters of 7 ro 
| - THESE 


4 8 4 _ $44 * 


' 
U 
14 v5.4 „ +46 
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3 


by ithar Noble J1taliat Philoſopher Galilas, by 
the help of the Teleſcope whieh he firſt Invented, 


Day and 3, and is 


diameters. 


Ornament peculiar to himſelf, for he is / dignified 


11 "LECTURES... wp 4 
THE SE Jovial Planers were firſt bſerved Le 


and by them he encreaſed the number of the Ce- 
leſtial Bodies, and called them Medicean Stars, 
in honour of the Dukes of Tuſcany, with:whoſe 


Name he dignified. them. By the benefit of theſe 


new diſcovered Worlds, Aſtronomy and Geography | 
have received many particular Advantages: : 5 
SATURN performs his Courſe round the — 


* with no leis than ſive Attendants, | tho! moſt 


of them by reaſon of their great Diſtance from 
the Sun, and the ſmallneſs of their own Bodies, 
are not to be ſeen but by the help of very long 
Teleſcopes: The acute Eyes of Mr. Coſſini the by 
French King's Aſtronomer, were the firſt that reach- 
ed all that have been already diſcovered; and but 
of late they have been ſeen in Britain, by means 
only of that Teleſcope which was given to the 
ROYAL SOCIETY by the IIluſtrious 
M. Hugens, The Diſtances of theſe Planets from 
Seturn, and their Periodical times, are as ole 
eth. The neareſt co GE his Revolution ig o 

iſtant from Saturns Claret 
4+ of his Semidiameters. The 2d revolves a- 
bout Saturn in 2 Days 17 Hours, and the Semi- 
diameter of his Orbit is 5 + of the Semidiameters 


ef Saturn. The: 3d finiſhes his Revolutiop in 4 


Days and 12 Hours, at the Diſtance of 8 Semi- 
The. ath compleats his Period in 16 
Days, and is diſtant from Saturn 18 of his Se- 
midiameters. The 5th and outermoſt takes 797 
Days ro finiſh his Courſe, and is 54 ei 
of Saturn diſtant from him. 

:-BESIDES. theſe n Some: * an 


with a Ring which ſurrounds his middle and gj — 


does no where touch his Body; but by an th 


Libration and Equiponderancy of alll its Parts, ſu- 


Rains ir ſelf like an Arch, and being thus ſuſpended 
by Geometry, it is kept from falling upon bis Body. 


Aye Diameter of this Ring, is more than e 
J; ( 3 N O 


26 | 
Lea. IV. of the Diameter of Saturn; and tho' the thickneſ; 
why cf this Ring on the convex or concave fide be 


ASTRONOMICAL 


but ſmall, yet irs breadth or depth is ſo,great, 


- unthoughr of Inſtances of his Greatneſs,” 4 - 


} 


that it takes up the half of that Space which is 


between its outward Surface and the Body of 


Saturn, the reſt of the Space remaining void: 80 


that in proper Situations we can ſee the Heaven; 
between the Ring and the Body. For what put. 
poſe this admirable Ring was made, we know 
not; and perhaps we never may come to the 


ture like it: But yer we cannot bur admire the In- 
finite Majeſty and Power of G O D, who in this 
eur Age, has diſcovered and ſnewed us new and 
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In which it proved that the Syſtem Ex. 


plained in the former Lecture, 4s, the 


true Syſtem of the, War ld- 


I may perhaps he objected againſt the 

Fvyſtem of the World delivered in our 
laſt Lecture, that we feigned and 
= imagined our Spectator carried up 
| into Heaven, and from thence to have 
ſeen with his Eyes the Motions, Situations, and 
Order of the Planets which we there Explained. 
But this was only done in Imagination, and there- 
fore being nothing but a Fancy or Fiction, - the 


_ - Syſtem we have given upon that Suppoſition, 


will be likewiſe only a Fiction or Hypotheſis, 
and may not anſwer to the Reality of Things. Can 
there not, by the ſame liberty of Fancy, any o- 
ther Order of the Planets be ſuppoſed, and another 
Syſtem be given quite different from ours? Can- 
Bee e e, to eee ode 


\ 


1 LE GrToU RE * . 
not we relying, upon pur Seu place the Earth Le 
nan immayeable; Patrion, and, fuppoſe the Sun (aye 
and Planers, and all the Stars ro more. ropnd it, 4 

our Eyes Kite de us chat they do, and from ſu 

Polirions cannot, we. explain all the Appearances 


1 Anſwer, that altho' we fancied our Spedta- 
tot railed up to the Heavens, and from thence to 
have: looked upon the Sun and Planets; yer the 
Order, Motions and Poſitions of the Planets 
I. Yvbich would be ſeen upon that Suppoſition, and 55 
a vhich we explained in the preceding Lecture, © ” 

u Wis no Fancy, or Fiction of the Imagination, bur 
and is as real, certain, and indubitable, as if a 
Pecdtator were there, and ſaw it with us res A 

A true Aſtronomer. feigns nothing without ſolid fronomy 
and ſufficient Reaſons, he takes Nature for his admits of no 
Guide and Rule, and lays his foundations on Ob- — 


J ccrations: He raiſes his Syſtem upon Phyſical | 
Cauſes, and invincible Geometrical demonſtrations, 


with which, as with an indiſſolyable Cement, 
he joins and binds the whole Fabrick together. | 
& The Hypotheſes of Ptolemy. and _Tycho may truly | 
he be called Fictions, for they have nothing in them 4 
bat a bare Suppoſition, on which, without any 
reaſon they depend; ape they diſtorr, and diſorder 


Ie whole frame of Nature. But the true Aſtra- + | 
ie um is the moſt; Antient of all, for it, was pre- 
ur ſerved in the School of rhe Pytbagoregns, to whom 
d ir was delivered by che firſt Aſtrgnomers, either | 
P i fgyptians or Chaldeans: It has all its Parts fitly | 
'C joined together in a moſt agreeable Harmony and 
d Order; it leads us to the knowledge of the Uni- of f 
. verſe; and the wonderful Symmetry, Beauty ane | 
” If regular diſpofirion: of all the Bodies that compoſe  .. 1 
© ir. There is nothing in Nature that does more k 


» | ſhow rhe peircing Force of Human IInderſtand- 
ing, the ſublimity of its Speculations and deep =_ 
) | reſearches, than true Aſtronomy... It raiſes our | 
Minds above our Senſes, and even in contradi- 

" If Riion to them, ſhows us the true Syſtem of the 
World: The faculty of Reaſon by whick we have 

| ITN 895 made, 
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Led. 1v; made theſe great diſcoveries 'in the Heaven 
matt needs be derived from Heaven, fince 99 
' | Karthly Principle can atrain fo great 4 Per 
fection. And lince the Ori ginarion of our Mitids 

is from Heaven, it may be expected that they wil 
endeavour to return thither, and Heaven will 
become our final Habiration : We will al 

clare in few Words, fome of the ways by which 

the Mind arrived to the knowledge of rheſe Hes. 

venly diſcoveries. 

n FIRIALIES certain that leber the Sun 
Nratien that be placed the Orbit of Venus does ſurround him. 
* and includes him within it ſelf; and therefore 
the Sun, Venus while ſhe deſcribes this Orbit, does really 
tern round the Sun; for Venus has been obſerve 
- 0ò9 be above or beyond the Sug, ſomerimes it 
bas been ſeen below it or between the Sun and 

us. That Penu aſcends above the Sun is plain 

| Now hence, that when ſhe is nf Cola with 

the Sun, that is when ſhe is ſeen from the Earth 

neat the ſame part of the Heavens thar rhe Sun 

is in, her lucid Face appears in a full and round 
Figure: For fince all the Planets borrow all the 

Light with which they ſhine, from the Sun, it ig 
neceſſary that that Face of hers ſhould be lucid 

which is towards the Sun, and that which is turn- 

ed from him, be involved in Darkneſs; and there- 

fore when ſne Shines with a full and round Face, 

that fide of her which is rowards the Sun is allo 
towards the Earth ; and therefore ar that time 

ſhe muſt be above the Sun, for in no other Pok- 

rion could her illuminated Face be towards the 

Earth, when 'ſhe is ſeen is Conjunction with rhe 

Plate II. Sun. In the Figure let S repreſent the Sun, T the 
big. 2. 'Earth, and let Venus be in F or V, where ſhe 
can be ſeep from the Earth, in rhe ſame part of 

the Heaven that the Sun is, and The will appear 

to have a full and round ſnining Face; becauſe 

that fide of her which is illuminared, - and is to- 

Wards the Sun, is likewiſe turned towards the 
Earth; and therefore the Place of Venus in that 

eaſe, mut — be above the Sun. That 


«3; ih. 4d Veni 
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Venus is alſo ſumetimes below the Sun, or between Lect. IV. 
he Sun and us, is evident from hence z that Ne 
ſometimes when ſhe is in ConjunRion wich the 
Sun, ſhe” eixher quite diſappears, or if ſne ii vi- 
ble, ſhe appears Horned and takes exactly rhe 
ſhape” of à new Moon: And therefore that Face 
of hers which is towards the Sun, either is wholly 
turned from the Earth as in Gg or only a very fmall 
part of the illuminated Face is towards the Earth, 
and can be ſeen by its Inhabitants, in which caſe 
ſhe aſſumes a horned Figure as che Moon does z 
and therefore at that Time ſhe muſt of neceſſny 
be placed between the Sun and us, and come low- 
er or nearer to us than the Sun is. Once Venus 
was ſeen within the body or disk of the Sun ; 
but there was but one Man who had the happi- 
neſs to be witneſs of the Sight, our Country- Man 
Mr. Horrox, who in the Vear of Chriſt 1639 
obſerved it wich his Teleſcope to enter uf rr 
the Body of the Sun like a black Spot. This is a 
Sight which can ſeldom be obſerved, for it wil! 
not be ſeen again in the Suns Body, till the Lear 
1761, upon the 26th day of the Month of My in 
the Morning, at which time allour Aſtronomers will 
no doubt be buſie in making their Obſervations; for 
by them our Diſtance from the Sun can be nearly 
determined, which before that Time is not eaſily io 
be aſcertained. Beſides this, Venus is always obſer- 
ved to keep near the Sun, and in the ſame quarter 
of the Heavens chat he is, for ſhe never recedes from 
him beyond a certain Diſtance of about 45 Degrees; 
that fo ſhe never comes in Oppoſition to the Sun, or 
to be ſeen in the Eaſt when he is in the Heſt:; 
nay, ſhe never attains or arrives at a Quartile 
Aſpect with him, or to have al fourth part of tbe 
Heaven between her and him, which would ne- 
keſſarily happen; did ſhe perform her Period round 
'the Earth in either a longer, or ſnorter time than 
the Sun doey/'5 3h re ie nil 
AF TER̃ the ſame manner Mee abways The Ay. 
keeps himſelf in the Neighbouthood'&f tte Sun, ieren 
and never recedes from him ſo fur as Venus does, like thoſe of 
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W. be hides himſelf A ben! TIT of the 
un' Rays, chat he is but ſeldom ſeen by us on 
| he Earth 3 but ſince the Invention, of 1 K 
he has been a ae e obſerved, .w 
Junction with the Sun, to paſs under 4A 2 
Uke a black Spor, as Venus was feen by. Mr. Ha. 
rer: The exceeding Brightneſs by, which Mercury 
our-ſhines all the Planets, does evidently. prove 
him to be much nearer the Sun, than an of 5 
zeſt ; for the nearer any Body is:r0 the Sun, the 
greater is the. Illuſtration it received from hi 
From all this it is evident, that, Mercury does liks 
wiſe go ound the Sun in a leſſer Orbit, incly- 
ded” within the Orbit of Venn; 55 — . therefore 
muſt neceſſarily be his Place, , r no other can 
anne Dinos “ l lo We 
The o, MARS is not lite Oo refs and Venus, for 
of Mars in- he often comes in Oppoſition to the S | 
cludes the appears to Riſe in the Eaſt, when the Sun Sett 
it, and like- in the Feſt, and therefore his Orbit includes the 
wiſe the Earth within it, and not only the Earth, but jt 
Earth, neceſſarily! includes the Sun bkewiſe ; for Mars 
[when he is ſeen. near the Conjunction with the Sun, 
if he were between, the Sun and Earth, would 
either — diſappear, or appear Horned i in the 
ſame Shape that Venus and the Moon have in 
that Poſition: But he always preſerves a full, round 
and ſhining Face, except near his Quadrat Apes, 
that is, when there is about a fourth part of the 
Heavens between the Sun and him; then he is ob- 
ſerved to be ſomewhar gibbous, like the Moon, 
three or four days before or after the Full. | 
Plate 11; LET S repreſent the Sun, the Earth, and 
Fig, Ze he Circle MNPR the Orbir of * Mars; it is 
that Mars in both M, and P, muſt ſhine 
— a full Face upon the Inhabitants of the 
Earth, becauſe that in both theſe Poſitions his 
Face, which i is towards the Sun, and by ir Illumi- 
, "_ is likewiſe; towards the Earth: But in N 
and R, he will appear a little gibbous or defici- 
ent from Full. Beſides Mars when he is ſeen in Op- 
'Polirion ro to the Sun, looks almoſt {even times larger, 
in 
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in Diameter than when he is near to a Conjunction Lec IV. 
vic him; and therefore he muſt needs be ſeven CHOY IS 
times nearer to the Earth in the one Poſition than in ; 
the other: From hence is is plain, that tho the Earth 
lies within the Orbit of Mars, yet it is not hear 
to the Center, of his Orbit; bur Mars always . The Earth 
keeps nearly at the ſame Diſtance! from the Sun, 1 
and therefore it is evident, that it is not the Earth, Mars 0r- 
bur the Sun which Marg reſpects as the Center bit. 

of his Motions: For Mars ſeen from the Earth 

appears to move very unequally, ſometimes to go 

faſter, i ſometimes flower, ſometimes he ſearcely 

ſeems to move at all, and ſometimes he even 

goes with a backward Motion; whereas a Specta- 

tor in the Sun, would always ſee. Mars go for- 
ward in the ſame unifom tenor, and therefore 

it is moſt evident that the Sun, is the Center, 

and not the Earth, of Mars's Motions. Again, 

ſince the ſame Appearances are obſerved in Ju- 

per and Saturn, as in Mar: (cho the diſpro- 

portion, or difference of the Diſtances is not ſo 

great in Fupiter as in Mars; nor ſo great in 


Saturn as it is in Fupiter) and the Motions of The ſane 


theſe wo Planets are no ways uniform 893 


the Earth; yet from the Sun their Motions will piter and 
be ſeen to be regular and orderly: It is plain Saturn. 
from hence that the Sun, and not the Harth, is 

in che, Center of all the Orbits of the Planets. 


Tbe place of the Earth we have demonſtrated 


to be without the Orbits of Merciy and Venus, 
and Within the Orbit of Mats ; aud therefore 
its Place muſt needs be between the Orhits of Venus 
and Mars: And from thence it followys, that the 
Earth ir ſelf muſt turn round the Sun, for if it ſtaod b u 
ſtill, ſince it lies within the Orbits of the ſupk- orbit round 
rior Planets Mars, Jupiter, and Saturn, we might the zun. 
indeed obſerve the Motions of thoſe Planets from 
the Earth, to be very unequal and irregular, but 
they would never appear to ſtand ſtill, or to go 
backwards, ſo long as the Orbits themſelves are 
3 as we demonſtrated in our firſt Lecture. 
ince therefore the Stations, and Retrograda- 
Hons 
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32 ASTRONQMICAL 
Lect. IV. tions of theſe Planets are obſerved from the Earth: 
and. ſiace the Poſition! of the Earth, or place that 
it obtains in the Syſtem, is in the middle of the 
moveable Bodies, having Mercury and Venwiog 

one ſide nearer to the Sun, and Mars, ' Fupiter, 
Aud Saturn on the other ſide more remote; it 
4 being of the ſame nature as they are, muſt like: 
+. +... Wiſe have the ſame ſort of Motions ; and as the 
- 1 Earth is in the middle place between Veniis and 
Mars, ſo its Period likewiſe in which it perform 

its Courſe round the Sun, is alſo a mean between 
the Periods of Venus and Mars, being greatet 
than the one, and leſs than the other: For Venu} 
deſeribes her Orbit in eight Months; the Eanh 

in a Year; but Mars takes near two Tears 10 

e eee e 

A Demon- T HE RE is another demonſtration of the 
Hratien of Earth's Motion drawn from Phyſical Cauſes, for 
8 * which we are indebted to the admirable diſcoveria If The 
of the Incomparable Sir IS AAC N EWTON cove 

He has demonſtrated that all the Planets Gravitam mar 

towards the Sun: And obſervations reſtifie to us, ¶ that 

that either the Earth turns round the Sun, er the their 
Zu round the Earth, in ſuch a manner as that they rwo 
„ +, deſctibe equal Area's in equal Times. But Si and 
IS AAC has demonſtrated that when ever Bodies ¶ that 
"© "wth round each other, and regulate their Motions I as t 
by ſich Law, the one muſt of neceſſity Gravirare Civ. 

to the other; and therefore if the Sun in itz is n 
Motion does Gravitate to the Earth, Action and tet 
Reaction being equal and contrary, the Earth I his 
muſt likewiſe Gravirate to the Sun: He has deſc 
likewile demonſtrated that when two Bodies as 


1 


„ - , "Gravitate' to one another, without directly ap- Squ: 
. TRE one another in right Lines, they muſt I four 
* both of them turn round their common Centet Il den 


of Gravity. The Sun and Earth therefore do both I whi, 
turn round their common Center of Gravity. But I hav: 
the Sun is ſo great a Body in reſpect of the Earth, © moſ 
which is but a Point as it were in compariſon of || tion 
the Sun, that the common Center of Gravity of ¶ true 
the Earth and Sun, muſt lye within the Body P Jup 
WOE TI 4938 ct BBIG Ci? 5 9 the 
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Fun its ſelf, and not far from the Center of the Lect. IV. 

zun: The Earth therefore turns round a Point 

which is within the Body of the Sun, and there- | 

1 turns round the Sun. This Argument drawn 

from Phyſical Cauſes I take to be unanſwerable. 
COMPARING the Periods of the Planeta, 

or the Times they take to finiſh their Circula- 

tions, with their Diſtances from the Sun, we find 

they obſerve a wonderful Harmony and propor- & Sonder- 

tion to one another; for the nearer that any Pla- ful Harms: 

net is to the Sun, the ſooner does he finiſh his Zrpcen the 

Circulation, and his Motion is the quicker: And Periods of 

in this there is a conſtant and immutable Law, . hr 

which all the Bodies of the Univerſe inviolably piftances * 


obſerve in their Circulations. Viz, That The fronubesun. 


Tquares of their Periodical Times, are as the Cubes 
of their Diſtances from the Center of their Orbits, 
about which they perform their Motions regularly. 
The moſt ſagacious Kepler was the firſt who diſ- 
coveted this great Law of Nature in all the Pri- 
mary Planets; afterwards the Aſtronomers obſeryed- 
that the Secondary Planet did likewiſe regulate 
their Motions by rhe ſame Law; and that in the 
two Syſtems of Bodies revolving about Jupiter 
and Saturn, this Rule is conſtantly obſerved, 
that the Squares of their Periodical Times are 
as the Cubes of their Diſtances from their reſpe- 
aiye Primaries. Thus the Moon or Satellite that 
is next to Jupiter, is diſtant from Jupiters Cen- 
tet 27 of Jupiters Diameters, and he performs 
his Period in 42 Hours. The outermoſt Satellite 
deſcribes his Orbit in 402 Hours. Say therefore 
as 1764 the Square of 42, is to 161604 the 
Square of 402 ; ſo is 42 the Cube of 25, to a 
fourth proportional Number, which by the Gol- 
den Rule will be found nearly ; out of 
which number extract the cube Root, and we 
have F or 12 for the Diſtance of the further- 
moſt Satellite from Jupiter. Now the Obſerva- 
tions of all Aſtronomers confirm, that this is the 
true Diſtance of that Satellite from the Center of 
Jupiter, and the ſame 3 is to be obſerved 

| rol 
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Lect. IV. in all the reſt, as likewiſe in the Sateliten f N 
„„ ß % VT turn 
THE reaſon of this Law was unknown to Fun 

Kepler, for he found it out only by Computation, W mac 

comparing the Diſtances of the Planets with theit I Lav 

Periods, But the Glory of inveſtigating it from W Har 

its proper Cauſe, and demonſtrating the Phyſical ed, 

,___  Neceflity of this Law, was reſerved for the Great to t 

| r Uſha Fir ISAAC NEWTON, who has demon. be : 
Bell 4s. ſtared, that without a total Subverſion of the Wl Yea 
Lered the Laws of Nature, no other Rule could rake place ing 
cafe ef chi, in rhe Circulations of the Heavenly Bodies. obſe 
| Harmony, SINCE therefore all Aſtronomers do unani- will 
maoully agree that the Law we have above ex- Mot 
plained is conſtantly obſerved by 14 great Bo- WM Frar 

dies, of which there are more than one that tum A 

round à common Center, viz. five Primary Pla. Wliker 

"nets and nine Secondaries. And fince the Mm they 

turns round the Earth, if the Sun did likewiſe Wl dies, 
perform his Circuits round ir, according to this WW bort 

. Aw of Nature, the Mon and Sun ou ght to te. all 

* gulare their Motions in the fame manner; and Har. 
therefore ſince the Moon finiſhes her Courſe in Wall t. 


27 Days, and the Sun in 365, and the Diſtance of 
the Moon is known to be about 60 Semidiame- 
ters of the Earth ; if we ſay, as 729 the Square 
5 of 27 is to 133225 the Square of 363, ſo i 
216000 the Cube of 60 to another which will be 
39460356, the cube Root thereof being 240 
ought to expreſs the Diſtance of the Sus from 
the Earth, provided he governed his Motion 
by the ſame Law that all other Bodies do. Now 
the Aſtronomers prove by invincible Reaſons that 
the Sun is more than 30 times further from the 
Earth than 340 Semidiamerers of the Earth; 
for it cannot well be ſuppoſed ſo little as tc000 
Semidiameters: According to which Diſtance it 
could not turn round the Earth in leſs than 54700 
Years, if ir obſerved the ſame Law which al 
other Bodies do. gs Sos 


Nov 
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of W NOW it is certain that the Sum does either Leck, IV. 
: turn round the Earth, or the Earth round the 0 
1to San once in a Lear. But if the Sun ſhould be 7f the 
on, made ro turn round the Earth, the Univerſal — 3 
heir I Law of Nature would thereby be violated, the Barth, this 
om Harmony and Proportion of the Motions deſtroy- Hermonical 
ical ed, and a Confuſion and diſorder introduced in- *** void 
eat to the Frame of the Univerſe. But if the Earth ſally bold. 
on. be made ro go round the Sun in the ſpace of a 
the Year, it will then perform its Circulation accord- 
ace ing to the ſame Law which the other Planets 
obſerve; and wichour the leaſt exception there 
ni. will be a moſt beautiful order and Harmony of 
ex- WF Motions every where preſerved thro the whole 
Bo- Frame of Nature. | a7 3: : 
um WF AS we diſcover the mutual Relations and : 
. WM likeneſs of Nature that is in the Planets, in that 
loo Wl they are like our Earth, Opake, Spherical Bo- 
viſe dies, which are illuſtrated and ſhine with the 
this WF borrowed Light of the Sun, round whom they 
te. all Circulare, as we have ſaid, with a regular Y 
Harmony and order: So likewiſe the San and 
in Wall the fxed Stars which ſhine with their own 
2 of Wi native Light, and remain immoveable in their 
ne- Places, are to be conſidered as Bodies of the ſame 
are ¶ kind and Nature: The reaſon why our Sun ap- 
is pears to us ſo great and bright in compariſon of the 
be Start, whoſe weaker Lights diſappear as ſoon as 
40 Wrhe Sun begins with his Beams ro refreſh and 
om Willuſtrare our Habiration, is, that the Earth at 
on Wan immenſe Diſtance from all rhe reſt of the Stars, 
ow keeps near to the Sun, round whom ſhe always 
bat {Wcirculates ; for a Spectator placed as near any 
the of chem as we are to our Sun, would ſee a Bo- 
th; dy as big and bright as the Sun appears to us, 
00 Wand every way like our Sur. A Spectator as 
It Wfar diſtant from our Sun as the fixed Stars are 
o from us, would obſerve our Sun as ſmall as a 
all Sr, and no doubt would reckon the Sun as | 
one of them in numbering the Stars. All the 
fixed Stars therefore are Suns, and the Sun dif- 
fers in nothing from a fixed Star. 92 
£78: we ALTHO; 
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of the exceeding great Diſtance of the neate 
have ſaid the Earth moves round the Sun, weg 


ſeen from a Star, it would appear likewiſe g 
bigger than a Point. For the Angle under whit 


is ſo. very ſmall, that our quickeſt and ml 
ſharp ſighted Aſtronomers can ſcarcely. obſerve 


near to one another, if they are ro be ſeem 


from the Sun, that if ir were to be ſeen fron 


of its Orbit, rhe Stars will not upon that account 


if this Spectator approach near to them onhy 


Poſition of the Star. 


ASTRONOMICAL: 
ALTH O' che Earth is at ſuch a Diftane 


his Body it would appear no bigger than a Po- 
yer that Diſtance is ſo very ſmall in comparik 


fixed Star, that if the whole Orbit, in which 


the whole Diameter of the Earth's Orbit appe: 


They who have been moſt diligent in - obſerving 
this Angle (which they call the. Parallax of 
great Orbit, that is of the Orbit in which the E 
moves) have always found it to be leſs than 
Minute, and therefore the fixed Stars muſt 1 
ar leaſt 10000 times further from us, than 
are from the Sun. %% $16 ele 

HENCE it follows, that tho' the Earth 
proaches nearer to ſome fixed Stars at one tim 
of the Year, than it does at the oppoſite Tin 
and that by the whole interval of the Diamat 


ſeem bigger when it is neareſt to them, nor 
the viſible: Poſition of any two Stars be ſenſib 
changed by the Motion of the Earth. For eval 
here on Earth, if there be two Towers that af 


a Spectator who is ten Miles diſtant from each 


one Pace, which is the looo th part of "tt 
Diſtance, he only approaching by fo ſmall 
Space, can no ways perceive the Towers - bigget 
or their Diſtance from one another greater. Aft 
the ſame manner the Earth approaching a fixt 
Star, and coming nearer to it by the toon 
part of the Diſtance between the Earth and eit 
a Spectator on the Earth, upon the account of 
{mall a change of Place, will not find thereby 
ſenſible difference either of the Magnitude, 
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HEN CE. ir, follows, chat if the Sun were as;Led. 
far diſtant from us as the Stars are, chat is 1000 
Semidiamerers of the Earth's Orbit, it would 
appear 10000-times leſs or under a ſmaller b 
than it does now: Now the Angle under which 
the Sun appears to us, is about half a Degree or 
30 Minutes; if the Sun were removed as far 
from. us as the fixed Stars are, he would be ſeen; The Angle 
under an Antzle of but the thouſandth part of aeg 
three Minutes, that is under an Angle no bigger Ar 
chan ten Thirds, which is altogether impercepti- 2 ſeen 
ble; and no bigger would the Angle be under far. 2 
which a Spectator placed among the fixed Starr 
would obſerve che Sun. 
AGAINST. this Poſition of ours ſome may 
object, that if the Diſtance of the Stars be 4 
great, they themſelves muſt be vaſtly larger than 
our Sun; for they cannot according to them be leſs; 
than a 12 whoſe Semidiameter equals the 
Diſtance between the Sun and us; for they aſſert 
that the Stars, at leaſt thoſe of rhe firſt Magni- 
tude, are ſeen. under an Angle at leaſt of one 
Minute: But the Orbit of the Earth ſeen from the 
fixed Stars does not ſubtend a greater Angle, and 
therefore the Diameter of the Stars is not leſs than 
the Diameter of the Earth's Orbit. Now that 
Sphere whoſe Semidiameter equals the Diſtance 
between the Sun and Earth, is ten Millions of F 
times greater than the Sun; conſequently the 
fixed Stars muſt be ar leaſt ten Millions of times 
greater than our Sun: Since therefore there is ſuch 
enormous difference in their bigneſs, it cannot 
be ſuppoſed that the Sun and fixed Stars are Bo- The fixed 
dies of the ſame kind. | 2 ns. Hp 
BUT they who aſcribe ſuch immenſe Magni- —— 
tude to the fixed Stars, are much deceived in but look like 
their 9 cfg tor their Apparent . Diameters are *%"'*: 
not near fo great as they ſuppoſe them to be: For 
really theſe Diameters are ſo extreamly ſmall, 
that if they be rightly obſerved, they appear like 
ſo many ſhining Points without any Breadth or 
Piameter at all; and there can be no Obſervations 
" D 3 nice 
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38 ASTRONOMICAL 
Leck. IV. nice enough, by which the minuteneſs of their 
WY WV Diamerers can be meaſured, or reduced to any 
determined quantity. We obſerve about all fla. 
ming and ſhining Bodies in the Night, a kind 
irradiation or luminous Appearence, by which 
their Diamerers are ſeen a Hundred or many 
more times bigger than they are; as it is plain 
buy the Experiment of a Candle placed at 3 
great Diſtance, whoſe Flame ſeems to be much 
larger than it is when we come neat it. This 
3rtadiation is much diminiſhed if they are look- 
ed at thro a ſmall hole made with a Pin in Pa. 
per, but it is eaſier and more nicely taken away 
when they are ſeen thro' a Teleſcope, which 
deftroys the adventitious Rays, and ſhews us the 
fixed Stars as fo many lucid Points. Now tho 
Teleſcopes do encreaſe the Diameters of Bodies 
very much, yet the fixed Stars ſeen thro them 
appear ſtill ſo ſmall, that we have no meaſure 
of any determined Magnirude but what is great- 
er than theirs ſeem to be; a Teleſcope magnt- 
kling a Hnndered times ſhews them only like 
which 3 ining Points; and therefore I cannot but won- 
| demonfira. der why Riceiolus ſnould ſuppoſe the Apparent 
ted by the Diameter of the Deg-Star or Sirius to 18 
| Teleſcope. Seconds; for if that were the Angle he ſubrended 
to the naked Eye, a Teleſcope which Magnifies 
200 times, would ſnew that Star under an Angle of 
3600 Seconds or one Degree, fo that he would 
appear to have a Disk four times greater than 
the Sun and Moon have: And yet Obſervation 
teſtifies that ſuch a Teleſcope ſhews us Sirius no 
bigger than a Point, at leaſt not larger than the 
Planet Mars: Bur Mars, when he is neareſt us 
and biggeſt, ſubrends an Angle of about 30 Se- 
conds; therefore if rhe Diameter of Sirius may- 
nified 200 times is bur 30 Seconds, its Apparent 
2 Diameter without magnifying will be the 2ooth 
ae part of 30 Seconds, or + of a Second, that is 
| nine Third Scruples or Minutes, or nearly equal 
5 to the Sun when it is ſeen at the Diſtance of 
| | the fixed Stars, as we ſhewed before: The 
i | 5 a 0 e Sun 


4 . LICHT R E $. 05 * 
un therefore and. Sirius are; nearly gf the ſam? 
Magnitude an Denentings, nd may he eſteem- 
ed Bodies of the {ame kintee. 

SIN CE. the, fixed Stars appear; ſa..ſmall, nad 
ſubrend ar the Eye ſuch unperceiveable 40 
ſome will wonder how they come ta he at all ſeen, 
fiace there are Bodies which would ſhow them- 


lelves under larger Angles that are et ſo ſmall, 


as not to be looked at without a. Microſcopes 
ut all flaming and fiery Bodies can he ſeen at 
feat Diſtances, even at ſuch from. whence other 
odies which have as large apparent. Diametets 
do quite diſappear, and become Inviſible, Thus 
the. Flame of a Candle in the Night. xime is eaſi- 
ly perceived at the. diſtance of two Miles, where» 
as in the Day time an opake Object, tho ſtrongly 
illuſtrated by the Sun, and ſix times higger than 
the Flame of a Candle, is not to be obſerved 
with the naked Eye at that Diſtance. For the 
native Light that theſe fiery and flaming Bodies 
ſend forth, is ſtronger and more peireing, and acts 
upon the nervous Fibres of the Retina with a great- 
er Force, han the .Lighs reflect=d.om.gpake Ob- 
jects; for all Light is much weakened by Refle- 
Aion. And it is upon the account of this brisk 


and ſtrong Light. which, flows from fiery Bodies, 


and which makes fo ſenſible Impreſſiaus on the 
Retina, that ſuch Bodies are judged to be ſo big 
in compariſon of others which affect us with a 
weaker Light. Al 


. 7,» 


pl W pd. > SIDES. 5 F 
HENCE. it is evident that all theſe Start rhe red 
which remain immoveable in the Heavens are Stars are 


Bodies of a fiery nature, as our Sun is, nor are 2. 
they much leſs, nor much bigger than he is, and 
therefore are to be eſteemed as ſo many Suns. Ir 
is not to be imagined that all theſe Sun are plant- 
ed in one concave Surface of a Sphere, ſo as to 
be all equally diſtant from us; but it is more 


reaſonable to ſuppoſe, that they are ſpread every The fixed 
where thro' the vaſt Indefinite ſpace of the Uni- — are 


they are at great Diſtances from 
there may be as great Diſtance 
D4 between 


verſe, and th 
one another; 


Lect IV. 


f. ry Bodies, 


48S TRONO MIC 445 


Lect. IV. between any two Suns that are next to one an; 


8 — 


An Idea 
of tbe Vu 


verſe, D 


other, as there is between our Sun and the neareſt 


— Star. Hence a Spectator who is near any one 


un, will only look upon him to whom he is near- 
Eft as a real Sun, and the reſt he will conſider 
as ſo many ſmall ſhining Stars fixed in his Hea- 
„ener t. 

II is no ways probable that GO D Almighty 
who always acts with infinite Wiſdom, and does 


nothing in vain, ſnould create ſo many Suns, and 


place them alone in indefinite Space, at ſuch 
great Diſtances from each other, and not hape 
made other Bodies, which he has placed ner 
them, to be nouriſhed, animated and refreſhed 


with the Heat and Light of theſe Sun: Thoſe 


who affirm that GOD created theſe great Bodies 
only to give us a ſmall dim Light, muſt have à 


very mean Opinion of the Divine Wiſdom. Tt 


is more reaſonable to ſuppoſe that every Sun 1s 
ſurrounded with''a company of Planets, peculiar 
to himſelf, which in different Periods, and at dif- 
ferent Diſtances, perform their Circulations round 
their proper Sun; and who knows but that ſome 
of theſe Planets may have Moons, and other Bo- 
dies to atrend them in their Circulations ? 5 
HENCE we may frame to our ſelves an ad- 
mirable Magnificent Idea or Notion of the vaſt- 
neſs or Amplitude of the World, by imagining 
an Indefinitely great Space of the Univerſe in 
which there are placed innumerable Suns, which 


tho they appear to us like ſo many ſmall Scars, yet 


are Bodies which are nor behind our Sun either 


in Bigneſs, Light, or Glory; and each of them 


conſtantly attended with a number of Planets, 
which dance round him, and conſtitute ſo many 
particular Worids or Syſtems: Every Sun doing 
the ſame Office to his proper Planets in illuſtrat- 
ing, warming, and cheriſning them, that our 


Sun performs in the Syſtem to which we belong. 


HENCE we are to confider the whole Uni- 


verſe as a glotious Palace for an infinitely Great 
and every-where-preſent GOD; and that - 
5 | ; . : 0 , 2 7 FX" 4 g le 
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perceived by out fi Ihr; nor is 


which is much nearer” to us can- 
not be ſeen as a globülat Body: 2 
But both Sun and Moon ſhew themſelves to us as 
if they were circular Planes, which we call 
Disks: And a Point in the middte, Which is real- 
1y in the Surface, is ſaid ro be the Center, or 
the Apparent Center of the Dick. 

I F the Sun thro all irs Parts were every where 
equally bright, and fliined wich the {ame Luſtre, 


he might turn round his own Axis, and that Ro- 5 


tation no ways be perceptible, not to be diſ- 
covered by our Senſes. But ſince in che moſt 


clear and lucid Body of the Sun, and in its pureſt 


Flame, many black Spots ha ve ſeveral times been „ 


obſerved, it 1s by their Motion that we diſcover n the 
the Rotation of the Sun round his Axis: For Jody. 


theſe Spots have been obſerved to have firſt ap- 
peared near the Margin of the Sun, and then 
by degrees to have crept towards the middle, or 


Center of his Disk; and from thence going ſtill 


forward have arrived at the oppoſite ſide or edge 
of the Disk, Where they have Ser vr diſappeared; 4 
53 an 


Diſtance of the Sun from us, the zu 


conpyexity of his Body cannot be 7 — 


this 4 wonder, fince the Moon our Eyes. 


un and 


Dark pots 


Sun's 
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ASTRONOMICAL 


V. and ſome of them after ſetting, being. hid or ab; 
xy ſconded in the oppoſite fide of the Jun for the 
ſpace of about fourteen Days, have again appear- 
| ed in the Margin, and ſhewed themſelves, taking 


the ſame Courſe as before. Let Circle 
Plate 1. AG HD repreſent the Sun's D | we often ob- 
Fig. 4. ſerve ſome denſe and obſcure Subſtances, like 


and Set, after the ſpace of. twenty ſeven Day 
have again been ſeep to Riſe where they 

appeared; and the time they rake to move th 

the Sutface of the Sun oppoſite g un, during 

which time they are inviſible, is juſt/equal tc 
. le 2 * 


E 


our thick and Terreſtial Clouds, to appear in the 


Limb or edge at A, which by degrees move to- 


wards B, and at laſt arrive at the middle of the 
Disk; after which till W they ſnew 
themſelves in the oppoſite Point of the Circum- 


* 


ference at D; - where after u little ſtay, they at 


laſt vaniſh and diſappeer. 
SOME of theſe Spots have been obſerved to 
Riſe in the Limb, and having traverſed- f 


: : 


time in which they paſs, over, 


The Motion of theſe Spots in the Margin, at A 


＋ A 
FAZF 


or at D, appears to be flow,z, when. they come to- 


| wards the middle they ſeem to move quicker, 


and to deſcribe larger Spaces; their Figures like- 
wiſe change, for in the Limb they are ſeen more 


contracted and narrow, near the Center they 


| look broader and larger; theſe Appearances ex- 
The Su | | x; SIR | | 
„ actly anſwer to the Motion of ſome denſe and 


bis Axis, 


tion of the Sun round his Axis. - 


dark Bodies, which Swim upon. the Surface of 
the Sun, and are whirled by the vertiginous Mo- 

SOME have imagined that theſe Spots do 
not ſtick upon the Body of the Sun, but that they 


are at ſome Diſtance from him, and that they 


pe theit Circulations round the Sun in the 
ame manner as Jupiter's Satellites Circulate round 
Jupiter: But ſuch are eaſily refuted, for if the 
Spots were not on the Body of the Sun, but made 


their Circuits at a Diſtance from him, they 


could not be ſeen half the time of their Period 
ng "O08 


4 


Galileus, firſt diſcovered them with his Teleſcope. 


"2 
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in the Body of the San; for ſuppole the Sun in Lect. V. 
4 de ſeen from the Earib at B, under an Angle i 
of 36/Minures: If the. Spot were not on the Sun's fg. 
Body, but deſcribed the Circle FEG ar ſone 
Diſtance from him; it could not be obſer ved to paſs 
under the Sum till it came to E, where the right 
Line B D touching the Disk does cut the Orbit; 
and if we draw another Tangent to che Disk : 
BG C, it would only be ſeen on the Surface of The Spots 
rhe Sun, while it deſcribed the Arch E G, which $17, f 
is much lefs than half the Periphery, and is the Sun. 
deſcribed in much leſs time than half the Period, | 
in which the Spot performs its Cireuit. Now we 
know by Obſervation that thoſe Spots which 
finiſh an intire Circulation (for ſome of them 
have been obſerved to make four or ſive complear 
Revolutions before they were diſſolved, each of 
which was 27 Days) have taken 137 Days from the 
time of their appearing, or rifing on the Eaſtern . 
Limb, to their Setting on the Weſtern: And there: 
fore ſince the Spots are ſeen for half the time © 
their Period upon the Body of the Sun, it is 
plain their Orbits muſt lye on the Suns Surface. 

MANY _ ſeem to be generated in the Holt Ef. 
very middle of the Disk, where they firſt begin 14; Boch of 
to appear: Others again ſeem to be diſſolved and the Sun, and 
to vaniſh there; ſometimes ſeveral ſmall ones #7" dif 
gather together and make a large Spot, and ſome- ved or diſi- 
times a large Spot is ſeen to be divided, and cut into pated. 
many leſſer ones. The Great Italian Philoſopher 


After wards Scheinerus did more accurately obſerve 
them, who has publiſhed a large Volume about 
them. When he obſerved them, there were then 
50 viſible in the Sun: From the Year 1650 rothe 
Year 1670, there was rarely ſeen above one or 


two together; from that time again many have 


been obſerved together; nor does there ſeem ta 


be any certain Period of Time, or Law for their 


appearing, and vaniſhing or diſſolution. 


HISTO- 


ASTRONOMICAL: 


Lea. V. HISTORIANS tell us chat the Sun bag 
been obſerved for a whole Year to have appeated 


Fu The '$o Sun Pale, without that Luſtre and brightneſs it uſual. | 


ly gives; and that ir harh not imparted its Heat 


—ů | 
peared FA and Light with the ſame Foree and vigour that 


— og ordinarily does. It is probable that this weak 


Spots which at that time did beſet the Sun, and 


now we frequently obſerve Spots which are lar- 
ger or broader, nat only than Europe or :Africh, 
but what even equal, if they do not exceed, the 

a Surface of che whole Terraqueous Globe. ? 
THE Motion of the Spots is from the Weſt 
to the Eaſt, and by obſerving the Sun nicely, we 
find that its Axis is not Perpendicular to the Plane 
of the Earth's Orbir, which is called the Plane 
of the Ecliptick: But it is inclined fo, as to 
make an Angle with the Axis of rhe Orbit, 


5 | The Axis 
of the Sun i 


inclined to or with a Perpendicular to the Plane ef the Or- 
tbe Rai of bir which paſſes thro the Center of the Sun, 


w_ P- which Angle is in quantity about ſeven. Degrees: 
And therefore the Æquator of the Sun, that is to 
ſay, the Circle which is in the middle between 
the two Poles, cuts the Plane of the · Orbit in 
a right Line, which Line produced will interſect 
| the Orbit in two Points; and whenever the Earth 


— 


the Spots deſcribe will appear as right Lines, 
ſince the Eye of the Spectator is in the Plane of 


their Motion: But in all other Poſitions of the | 


Earth, the Plane of the Suns Equator is either 


above or below the Eye of the Spectator, and | 


the Lines iv which the Spots are ſeen to move, 
appear crooked and ſeem to be 'Elipſes, * 


SINCE the moſt brighr Body of the Sun + 


is not without its Spots and - blemiſhes, we are 

not to imagine that the Planets are clear, and 

The Pla: without their Stains and Marks. Jupiter, Mars, 
— and Venus, when looked at thro a Teleſcope, 
have ſeveral very remarkable ones; and it is by their 
Moons that we conclude the Rotation of the 
211 Planets 


neſs: of Light did ariſe from a great multitude of 


covered à large Portion of his Surface: For 


comes to theſe two Interſections, the Tracts which 
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forms its Revolution round its Axis in the ſpace of 
23 Hours. Mars finiſhes his Rotation in 24 Houts 
and 40 Minutes. The Earth in a Day, which 
we collect from the Apparent Revolution of the 
Heavens and of all the Stars round it in that time. 
All theſe Bodies in their Rotations go the ſame 


N 0 
. 


way from the Jeſt to the, Eaſt. 


- 


7UPITE R, belides abundance of Spots, has Jupiter's 
ſome Bands or Girdles- which ſurround | him; 5. 
they are Parallel to one another, bur they neither 


preſerve the ſame Magnitude. nor Diſtance ; bur 
ſomerimes they encreale, ſomerimes rhey. diminiſh 


their breadth, ſometimes they approach each o- 


ther, ſometimes they recede from one another, 
and undergo ſeveral Changes. In the Vear 1663, 
M. Caſſini diſcovered a very large Spot in Fupiters 
Disk, which he - obſerved continually for the 
ſpace of two Years, and determined accurately 


its Figure and Poſition in reſpect to his Girdles, 1c 8 
but this Spot vaniſhed in the Year 1667, and es beunder- 
was not again ſeen till the Year 1672: Afterwards ges. 


for the ſpace of almoſt three Years it continually 


' ſhowed it ſelf, and then by degrees withdrew 


it ſelf from our fight, and has fince ſeveral times 
appeared and diſappeared. In a Word, from the 
Year 1665 when it was firſt obſerved, to the Year 
1708, it has eight times appeared and vaniſhed. 
By its Revolutions we conclude, that the Body 


of Jupiter moves round his Axis in the compaſs 


of nine Hours and 56 Minutes. 


I is probable that our Earth enjoys a more 


conſtant and ſettled State and condition than Fu- 
piter; for we obſerve greater Changes in his Sur- 
face, than what would happen to the Earth, 
if the Ocean ſhould leave its Place, and over- 
whelm the Land, and give us a new Place, and a 
new figure of the Sea, by changing the places 
of Land and Water. Bur this is upon Suppoſi- 


tion that theſe Spots are inherent in the Body of 


Jupiter; 


3 


Planet: romng their Axes, after the ſame manner, Lect. V. | 
and by the ſame Argument, that we proved the WW 
Rotation of the Sun. The Body of Venus 8 


Axes. 


A 


4% ASTRONOWICAL 
Lect, V. Jupiter: Bur if they are only Clouds and Vapoun 
| nha. 


WYYWw haps, in his Atmoſphere, then indeed the 
birants of Jupiter would have a more conſtant and 
permanent ſtare of Weather, than whar any part of 
the Earth enjoys: I leave it to the Philoſophy 
ro determine which of theſe two Opinions is the 
moſt probable. %%/‚ͤ;˖ð ũ 
"MERCURY does always keep ſo near the 
Sun, with ſo great a ſhining Luftre in all his 
Parts; and the Heaven, while he is ſeen, is ſo much 
Illuminated, that there can be no Obſervations 
made to diſcover his Spots. And Saturn is 0 
much further removed us, more than the 
other Planets, that his Spots are not to be di. 
ſcerned : Yet it is probable that they, as well a; 
the other Planets, have each a Roration round an 
Axis, that all the Parts of their Surfaces ma) 
frequently have imparted to them the Light and 
cheriſning heat of rhe Sun, and may again be 
withdrawn from him, to receive ſuch Changes 
as are proper and convenient for the Nature of 
each Planet. F 11 
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of the Magnitude and Order of the fixed 

Stars. Of the Conſtellations, Cata- 
lues of _ the Stars, and. the Changes 
to which they are liable. 1 210m 


H E fixed grars appear to be of dit. f 

ferent bigneſſes, not becauſe they | 

really are fo, bur becauſe they are 

nor all equally diſtant from us; 

' thoſe that are neareſt will excell in 

| Luſtre and Bigneſs ; the more re- 

"of MW more Stars will give a fainter Light, and appear 

WH ſmaller to the Eye. Hence ariſe the diſtribution” n 
of Stars, according to their Order and Dignity, e 4. 
into . Claſſes ; the firſt Claſs containing thoſe na of 
which are neareſt to us, are called Stars of the jug to their 
firſt Magnirude ; thoſe that are next to them, are itude. 
Stars of the ſecond Magnitude: The third Claſs 

comprehends them of the third Magnirude, and 

/ ſo forth, till we come to the Stars of the ſixth | 

| Magnitude, which comprehends the ſmalleſt Srar- oe 
thar can be diſcerned with the. bare Eye. For 
all rhe orher Stars which are only ſeen by the 
help of a Teleſcope, and which are called Tele-. 
ſcopical, are not reckoned among theſe ſix Orders. 
Altho' the diſtinction of Stars into. fix degrees of 
Magnirude, is commonly received by Aſtronomers ; 
yet we are not to judge that every particular .: +... 
Star is exactly to be ranked according to a certain 
bigneſs, which is one of the Six; but rather in 
reality there are almoſt as many Orders of Stars, 
as there are Stars, few of them being exactly of 
the ſame Bigneſs and Luſtre. And even _—_ 
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ASTRONOMICAL 
Le IV. thoſe Stars which are reckoned of the brighteſ 
A A Claſs, there appears a variety of Magnirude, for 

Sirius or Arcurus are each of them brighter thay 
Aldebaran or the Bull's Eye, or even than the 
Star in Spica ; and 4 all rheſe Stars are reckoned 
among the Sears of the firſt Order: And there 

are ſome Stars of ſuch an intermedial Order 
that the Aſtronomers have differed in Claſſing d 
them; ſome putting the ſame Stars in one Cl 
others in another. For Example: The little Dy 
was by Hebo placed among the Stars of the 
ſecond Magnirude, which Ptolemy reckoned 3. 
mong the Stars of the firſt Claſs: And rherefore 
it is not truly either of the firſt or ſecond Or- 


2 them, when they compared the Modern 
ſervations with the Old ones. | 


- 


Their An- 


and the Pleiades, are mentioned; and we meet 
with the Names of many of the N 
CS + B37 #344 S 6 1. 11 C3 the 
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ih 

the Writings of the firſt Poets, Home? and Heſiod, Le&. V 

For it was” neeelf3y for the Adyancement of WS 

Aſtronomy ſo xo diſtingulifh the Sears, and to bring 

chem imo ſome Order. 
SINCE the Diſtahce of the Stars is immenſ⸗ The ſame. 

ly great, it is no matter in What, Place of our Fe La 

Syſtem the Obſerver reſides, whether in the Sun, mamlnt is 

in the Earth, of even in Saturn, ; the. outmoſt” of ojerved 

il the Planets 3” for Spedtarors i each of thoſe lane. 

Places will ſee” the ſame. Face of the Heavens, ; 

the ſame Starz, with the ſame Magnitude, and 

the fame Figure of the. Conſtellations, ' and the 

Heavens which ſurrounds and involves them all, 

eil have the fame*Fyce. © oO 

| 45TRONOMERS' divide the gtarry Firma- The Regi 

FR Go into three Regions, the middle of which com- ons of 

prehends thoſe, Stars which haye their Situation 
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. near the Plages of the Orbits in which the Pla: 

move; this kart of, Heaven, they call the 

ml ECT becauſe che Conſtellations thete placed, 

emed for the moſt part ro repreſent ſome Ani- | 

1 % or living. Creature. In this Space the Pla-. 

Tea, % are always to be ſeen, and none of them eier wine 
tranſgreſs its Bounds: Upon each ide of this 


— Zone lye the other two Regions of the Heavens, - 
one of which is called the North, and the other 
u he South part of the Heavens. 
. THE Antients divided the viſible Firmament The Ine- 
. WM into XLVIII Images, twelve of which filled the |, the _— 
And Zudiack, and they give their Names to the twelve ents 2 
Fes Signs, or the Portions into which it is divided. 
die Tbeir Names are the Roam, the Bal, the Twins, 
dhe Crab, the Lyon, the Virgin, the Ballance, the 
55. Scorpion, - the Archer, the Goat, the Water-Bearer, 
r 
BY IN the Northern Region there are XXI Ima- 
be Les, viz. the Leſſer Bear, the Great Bear, the 
got Dragon, Cepbeus, Bootes, the Northern Crown, Her- 
cules, the Harp, the Swan, Caſſiopeia, Perſeus, An- 


oak dromeda, the Triangle, Auriga, Pegaſu s or the, 
in Flying-Horſe, Equuleus, the Dolphin, the Arrow, 


the the Eagle, Serpentarius, and the Serpent : After- 
. E wards 
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” VI. wards. they added to them two others, eig. that 
WW of Antinous, which was made of the 95 that 
are not included within any Image, and are near 
the Eagle: Arid the 1 called Berenice\ 
| Hair, conſiſting of Stars, which, ate near the 
Dent Tail... 
4 UO N the, South fide of the Rodiack, then 
arte fifteen Aſteriſms, which, were known to the 
Antients, viz. the Yhale, the River Eridanus, 1 
Hare, Orion, the Great Dog, the Leſſer Dog, - the 
Ship Argo, Hydra, the Cup, the Crow, the Centay, 
the 115 the Altar, the Southern Crown, and the 
Southern Fiſh: To theſe are lately added NI 
. more Conſtellations, which are not to be: ſeeg 
by us who Inhabit the Northern Regions, becauſe 
„ eee Conyexity of the Earth; but in the Southers 
Parts they are very conſpicuous. Theſe are the 
Phenix, the Crane, the Peacock, the Indian, the 
Birdof Paradiſe, the Southern Triangle, the Fly, the 
Chameleon, the Flying Fiſh, the Toucan or Amen. 


the Sword Fiſh. 


The he Sears WITHOUT the Compaſs of the Conſiel. 
lations or Images, there are ſeveral Stars which 


Baar. cannot be reduced to any of the Forms mentioned 
and thele are called Unformed Stars, out of w 
ſome great Aſtronomers haye made new Conſtella- 

tions, as Charles's Heart, and Sobjegks's Shield. 
ie mils TH E Galaxy. or Milky-way, is alſo ro 

pay. .reckoned among the Conſtellations: This is 3 

broad Circle . a whitiſh Hue, like Milk; id 


ſome places it is double, but for the moſt pan 

0 it conſiſts of a ſingle Path, and goes round the 
| whole Heavens. 
Teleſcope, | diſcovered that the Portion of the 
Heavens which this Circle paſſes thro, was ever 

% | where filled with an infinite multitude of ex- 
| ceeding ſmall Stars, which tho' they cannot, by 
reaſon of their ſmalneſs, be ſeen diſtinctly by the 
naked Eye, yet with their Light they all combine 
to illuſtrate that Region of the Heavens where 
7 are, and diffuſe. thro' it a ſhining eas. 


can Gooſe, Hydrus or Vater e Vphias of 


he Great Galileus with his 


RESSORE 


hat 
hat 
ces 
the 


T FEES arEFFEISSESSERED. 


er. R E'8. _ 
BY. = help of Images; the Antient Abe Led Vi 
mers have been able to diſtinguiſh; and mark out * 
the Stars of the Firmament, and with great 
Care and Induſtry they have digeſted 8 in- 
to Catalogues, which they have delivered down 
to Poſteriry, Theſe- Catalogues have been much *' 
increaſed and Corrected by our Modern 4/trone- 
mers, and now) they not only comprehend the 
gters viſible by the naked Eye, but alſo. many 
. are not to be obſerved or len without. 4 
T 
HIPPARC HUS. the e ben 126 f 
Years before the Birch of Chriſt,, was ihe Firſt- a- de. a 
mong the Greeks who reduced the Start into NE. 
Catalogue. Daring, accord ing to Plsny, to ander- the Stars. 
take 4 Thing, which ſeemed to ſurpaſs. the Power 
of 4 Divinity, that is to Number t = For Pe- 


herity, and reduce them to Rule; having conrived. I 


th 


Inflruments by which he marked the Place and Mag- 
nitude of each Star. So that by this Meer Ho 
can eaſily diſconer, not only whither - any. © 
Stars periſh, and others grow up ; but alſo hither 
they move, and what is their. Courſe, and alſo if 
they grow bigger, or wax leſs ;, by which means be 

bas given to Poſterity the Poſſeſſion of of the Heavens, a 
cory of them have aba enengh to cee 1 8 


I PAAe HU from his own proper Ob- 
ſervations, and thoſe of the Antient Aſtronomers 
ho lived before him, inferred into his Cata- 
ogue 1022 Stars; and annexed to each of them 
beir proper Longitude, and Latitude, which 
hey had at that time. Ptolemy enlarged Hippar- 
bu's Catalogue only with four Stars, numbring 

026, And after Ptolemy, Ulug Beigbi, the Grand- lag Beig- 
on of the Great Tamerlain, obſerved again the © ys _ 
Stars, and reduced 1017 of them into a Cata- logue. 
ogue. In the 16th Century, and that which 
ollowed, Aſtronomy was courred by many Ad- 

irers and Suiters; among whom we may chief 
y reckon Regiomontanus, and Copernicw. Bur 

e Notle Daniſh 1 Tycho Brahe, in a- wk ie Ty 

E 2 dorging Brahe 
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Led. VI. dorning and' ferteckins rhis' Science, did kr 


CN ſurpaſs the Labours of all that went before him; 
whio 1red'very large and exquiſitely well con. 
ive Inſtruments for obſerving the Heaven 
and particularly he determined the Places of 77 
Nred Stars, and reduced them into a Catalogue 
their Places being all Calculated from his ou 
proper Obſervations. Kepler indeed in his 
dolphin Tables gives us a Catalogue of the Stag 
he calls Tychonzch, in which he has put dow: 

1163 Stars; but all of them except the 77% oþ. 
ſerved by Hebo, were taken partly from Prolem 
Aud partly from other Authors. For Hebo in hi a 
don Catalogue ſets down no Star which he h Db 
+ Hor obſerved himſelf, by his own Inſtrumeny WW 7; 
and Calculated the Place from his proper Obſer. fo 
W 

of 

ric 
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. Varions. T 24 $61 * 2M 4y og 
The Prince ABOUT the ſame Time with 'Tycho livel 
of Heß. Mliam Prince of Heſs, who likewiſe obſervel 

the Stars: He had two Matbematicians to alli 

him, Rothmannus and Byrgiu, with whom, bl 4 

thirty | Years continued Labour, he computed tu se 

Places of 400 Stars all founded on their own Ohs rig 

» Ffervations, and inſerted them in a Catalogue. th 

Ricciolus. | THE Jeſnite Ricciolus inriched the Catalogit 

of Kepler with 305 Stars, by which means thel 

Number was increaſed to 1468; but xhis Can 

logue was not founded on his o] Obſervatiom 

for he and his Companion Grimaldi, did nd 

take the Places of above 101 Stars with thei 

own Inſtruments ; and he took all the reſt fron 

Tycho, Kepler, and other Authors: Bur it is Su 


prizing that Neciolu ſnould inſert in his Cari ble 

logue ſeveral Scars which were plainly viſible i ob 

: Hobo time, and duly obſerved by him, bur whid 28 
in Ricciols's Days had vaniſhed, and were i tic 

ro be ſeen; and yer they are preſerved in H W 
Catalogue, as if heliimſelf had then obſerved then the 


BARTSCHIUS in his Book about the fou 4%/ 
Foot Globe Publiſhed ar Strasburgh in 1635 "ll ye 

14 ,, to, tells us that Bcherus had deſcribed in l 
VVDranometria the Places of 1725 Stars, and 
ITE "— 


x4 
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alſo boaſts, chat he bimlelf bad painted ig his L 
Globe 1762 dae, bur he dos der xll us by whiam, 


or in what Lear, they were obſerved. .... 


ſeen 216008 3 were firſt n 50 
ſerved by my Collegue Dr. Edmund Halley, who 
being animated with a great Love of this Siderial 
Science, underrook a long, and no leſs danger 


= #13 


within the Antariich Circle; and he Publiſhed” a 
Catalogue of 373 of them, whoſe Places he adap- 
ted to the end of the Vear 1677. 
THE illuſtrious John Hevelius of Danzig, 
a. Maa of prodigious Induſtry, and unwearied 
Diligence, being well furniſhed with very exact 
Inſtruments, and with all rhe Tools that are proper 
for an Aſtronomer ; did again aſſault the Stars 


of 4353 of them from his own proper Obſerva- 
tions, and ſo he compoſed a new Catalogue 
which contained 1888, vix. 950 known to the 
Antients, and which were to be ſeen at Dantzig; 
603 new ones which no, one before had ever 
rightly obſerved, and to them he joined 335 o- 
thers round the Antarctick Pole, taken out of Dr. 
Haley s, Catalogue which lye always hid under 


= 


the Horizon of Dantxig. 


p | TEL jp * T3 
IHE Scars near the Antarttich, Pole, not to be 


Dr. Ha 


firſt 92700 


obſerved t 


3} * 8 1 \ 
Hevebus, - 


with his Inſtruments, and computed the Places 


Southern 
aus Stars, 


Voyage to the Iſland of St. Helens, that he 
might there take the Poſition of the Scars which are 


9 * 7 -4 
at 14 


*. 


BUT the largeſt and moſt compleat Catalogue Mr Flams _ 
ſte as 


of the Stars, is ſhortly. to be expected from the 
Labours of that molt excellent Obſerver Mr. John 


Catalogue reach to 3000. And as Hevelius dou- 
bled by his Obſervations the Number of Sears 
obſerved by Hebo: So our Britiſh Allronomer has 
as far outdone Hevelius, having by his Obſerya- 
tions doubled the Stars that were obſervęed by him: 
We are ſo much indebted to this Aſtronomer far 
the increaſe of the Knowledge we have of the It 2 


made the 
x. | 


Flamſteed, late Royal Profeſſor of - Aſtronomy at and moſt 


mojt cot. 


Greenwich; the Number of Stars inferred in this. © 


al Bodies, that there is not the leaſt Star in the Hea- 


yeas to be ſeen, whoſe Place and Situation is not 
x N * E 3 | 


better 
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better known, than the Poſition ef many Cities 


thro' which Travellers do daily paſs. Nor is it 


any wonder that the Aſtronomers ſhould rake {6 


much Pains, and ſo obſtinately watch the fixed 


Stars, to determine their Places; for without the 
exact ſetling of their Poſitions and Places, they could 


never have found out the ways of the Planet, not 


have deſcribed their Orbits: For it is upon the 


The Num- 
ber of tbe 
Stars, h 


Obſervations of the fixed Stars, as upon immove. 


able Pillars, that the whole Science of Aftrone. ! 


my is erected, and by them it is ſuſtained. 

OF the 3000 Stars inſerted in Mr. Flamſteed's 
Catalogue, there are many that cannot be ſeen 
without a Teleſcope, ſo that it is ſeldom that 
even a very good Eye can reckon more than 


10 together in the Heavens: This will cer. 


tainly ſurpriſe a great many Perſons, for in the 
Winter, in a clear Night, without Moon-ſhins, 
at firſt fight they ſeem to be innumerable, But 
this Appearance is only a deception of our Sight, 


ariſing from their vehement and ſtrong Twinkling 


or Scintillation, while we look upon them con- 


fuſedly, and without reducing them to any Or. 


der; but he who will diſtinctiy view them, will 
find not one but what are Obſerved by the Am. 


nomers, and inſerted in their Catalogues: And if 


any one will take a Globe of the larger ſize, 


and compare it with the Heavens, he will rate- 


ly find any Star in the Heavens, that is not 
marked upon the Surface of that Globe. 
IN the mean time I muſt acknowledge that the 
Number of the Stars is really vaſtly great, and 
almoſt infinite; for whoever will view the Stars 
with a good Teleſcope, will find every where a 
prodigions Number of them alrogether indiſcern- 
able by the naked Eye, eſpecially in the MAH 
way; where they are ſo thick, that tho they can- 
not be ſeen ſeparately, yet they give that Region 
of the Heavens where they are placed, a Luſtre 


| above all rhe reft. 


THE 


| ſcope to rhe 10 
now only But ny 
He. did in that al | RUS Aj count, . A naked Eye. 


1 4 RES. 2. U 


Day e Hook Peg ier of Vene Le 
in Greſham C 0 gs g his he dot Tele. | 

+ or 1 ban Sta og 1 15 aer Stats 

ble- to the 
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0 ilcovered a great re of 

dir Wage See Bis Mi 75 hy, 7 
is Book which 


Antonius Maria de its in, is 
be Latte Radius ,Sidereomyſticus, pag. 197 
har be has numbered in the ngle Coo 
RON 00 222 ba wid, i 10 th 88 bouts _ 
What we ve e preced in mats 
Lecture, it plainly appears, how falle aud fl 5 
founded, Was the Meta of ay Antient Phila- corr — 5 
þ hers, who having too favourable an. Opinion of and 
e Heavenly Regions, . 075 them 155 Privi- Gs 
ledges without any reaſonable ground; For TIF | 
affirmed that the Heavens were incapable of any 
Change, that the Coleſtial matter was of a diffe- 
rear kind from any we have in ur Earth, and that 
its firmneſs did. exceed that of the moſt du» 
rable Diamond, for chat is ſtill Corruptible an 
changed into other ſorts af Matter, a 
115 ſeveral ranſmurations : But the Form 
of the Heavenly matter, according to them, is 
permanent and Eternal. We have ſeen in the 
Sun and Planets that there are frequently new Bodies 
produced and generated; others again are corrupt - 
ed and periſh, and the Faces of the  Planers un- 
dergo many Changes. Thoſe Alterations are noet 
peculiar to our Earth, or our Planetary Syſtem 
the Principle of Generation and Corruption is 
much further diffuſed, . it reaches even the moſt 
diſtant. fixed Stars, and all the Bodies of the Uni- 
verſe are under its Dominion; there is nothing 
but our Mind and our Spiritual part that are 
exempted from its Juriſdiction ; For the Heaven- 
ly Bodies as well as the Terreſtrial are changeable 
and periſh, Several Sars which were obſerved. 
by the Antients, are now no more to be ſeen, hut 
xe deſtroyed, and we have known ſome new ones 


E 4 ns 


e 
e ut dot which 

een the me” will T5 di 7. 
(ang var There" 115 ile Fs 9 Wh 15 | . 
F | tin ec me Indi le, 
Ae, a print the 15 fume Their N Luft 
* Of theſe, Stars the tnoſt retnarka ble is is that which 
1s in the” Neck of the #hale, Which for eight 
due 2 1 5 the Year ae ir ſelf Kön 


„een 


its "Lu Naa Bigneßz 
7 vio ing 1 . I 7 e Sux- 
0 | 1 thi "Ye! is ede wit Uh. Spott and 


dark 12 85 ſome Part 75 een Iucid; 
8 Axis, 


3 '% 18 pd -while Foros About! does ſometi 
1 a I its he Part, 1 it turns its dat 
=> bes Bae UE: ort e very. Spore, themfelyes of this 
Wa ee © Changes, * for it does not © 
Be eh appear with ebe lame Luſtre; ſome. 
it tefſembles a Star of the fecond' Magnitude 
10 other Years ir can ſcarcely be reckoned among 
Stars of” the third” Order; 0 ate the Times of 
Its viſiting us, always of the ſame urarion”; fot 
in ſome Years. after three Months it takes ts 
leave of us, in others we enjoy irs Light for 1 
ſpace of four Months; nor does its increaſe or 
decreaſe always anſwer the difference of Times. 
MOREOVER ve are aſſured from the Ob- 
fervations of Aronomers, that ſome Stari have 
been obſerved which never were before, "and 
» rt 1 . time 725 1 vey hoy 
their ſuperlative. Luſtre ; bur”, afterwards: 
3 creaſing, 05 by 1 5 vaniſſſed- and were 10 
more to be ſeen. One of theſe Stars being firlt 
ſeen and obſerved by Hipparchus, the chief of the 
Aſtronomers * of the Antients, fer him upon com- 
Poſing a Catalogue of the fixed Start, rhar Poſte- 
ö rity might by it learn wherher any of the Stari 
= periſn, and, others are prodiiced afreſh.” 
nd AFTER ſeveral Ages, another new Star ap- 
— — 1d Hebo, and the Aſtronomirs that were 
ontemporary with him; which juſt like the 
yew Star in Hipparchus's time, induced him 55 
Wiſe 
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wiſe to make à new Catalogue of the fixed Sas. Lect. Vl. : 
the Conftella- www 


This Star made its Appearance | | 
tion 1 and was firſt obſerved ahout the 
middle of November 1572, and never changed 
its Place all the time it was viſible, which was 
for the ſpace of ſixteen Months: Bur yet by de- 
tees it diminiſned, and at laſt! became invi- 
ble. Its Magnitude exceeded that of Sirius or 
Lyra,, which are the brighreſt of the fixed Stars, 
and even vied with ; Venus when ſhe is neareſt to 
us: So that ſometimes it could be, ſeen in fair 
Day light, or Sun ſhine; but at laſt it continually 
loſt ſomething of its Splendor till it quite diſap- 
peated, and it has neyer been ſeen fince. | Leovi- 
cus, from the Hiſtories of thoſe Times, tells us, 
that in the Time of the Emperor Otho, about the 
Year 945, a new Star appeared in Caſſiopei a, 
juſt ſuch a one as was ſeen in his Time in the 
Year 1572. And he brings us another Antient 
Obſervation, that there was likewiſe ſeen in the 
Northern Region of the Heavens, near the Con- 
ſtellation Caſſiopeia, in the Year 1264, an eminent- 
ly bright Star, which kept it ſelf in the ſame 
lace, and had no proper Motion. It is probable 
that theſe two Stars might have been the ſame 
with that which was ſeen by Tycho, and that in a- 
bout 150 Tears che ſame Star may again make 
its Appearancſtde. D 
IN the Year 1600 and the following, Kepler 
obſerved another new Star in the Swans Breaſt, 
Which remained viſible for many Years; and in 
Heveliuss time looked like a Star of the third 
Magnitude, but at laſt became inviſible from the 
Year 1660 till the Year 1666, when it was a- 
gain obſerved by Hevelius as a Star of the ſixth 
agnitude, juſt in the ſame Place it was at firſt 
obſerved in; where it now appears. 
WE are aſfured by the Catalogues of the 


fixed Stars, that many Stars have been obſerved 


by the Anrftnts, and ſome even by Tycho, which 
are now become Invifible, and particularly in the 
Pleiades or ſeven Stars; there was formerly m— 
©. * CTV 


/ * 
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Led. vl. ed Seven, but now we can reckon bur Six, 4 
WY Wi it was in Ovid's time, who in * EY 
"ren Em of the Faſti has this Verſe | | 


Que n dici, he ramen 47 Rust 


1H E lebe bed Mr. A Ross x 
Mathematicks of the Univerſity of Bononia, in hi 

Letter written to the ROYAL SOCIET 

dared April 30, 1670 has theſe Words. © Thett 

„are now wanting in the Heavens rwo. Starz @ 

the ſecond Ma — in the Stern of the Ship 

Argo, and its ; Bayerus marked them with 

' © the Letters 6 — 7. I. and others obſeryad 

L them in the Year 1654, upon the Occaſion 
[the Comet that appeared that Lear: Whey 

I they diſappeared firſt 1 know nor, only Tam 
= „ ſure, that in the Year 1668, upon the foth 

* April, there was nor the leaſt glimpſe of the 

to be ſeen; and yer the reſt about them, eve 

of the third and fourth Magnitudes, remain 
= the ſame. I have obſerved many more Changes 

among the fixed Stars, even to rhe Number of a 
Hundred, tho none of them are ſo great as thoſe 
have ſhewed. 

I T is no ways improbable that theſe Sears loſt 
their Brightneſs by a prodigious Number af 
Spots, which intirely covered and as it were 
overwhelmed them. In, what diſmal condition 

muſt their Planets remain, who have nothing but 
the dim and twinkling Rays of the "yy Stars , 
3 them. 
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of 410 Motion of the Earth romend the Sun: A 
And alſo «bout her own Axis, whereby te 
Apparent Motion 4 Sun * Heas 
vens are ep] 


SAVING taken. 2 ee view 
= 8. of the Univerſe, and explained 
* 1 2 thoſe Things which we have dif. 

If as & covered concerning the fixed Stars, 
222 we will now come to conſider more 

accurately our own Solar Syſtem; 

for our Aſtronomy is chiefly concerned about the 

Motions of the Bodies thar are contained in ir, and 

about the Appearances or Phenomena that ariſe 


from thoſe Motions. 


AND firſt it is reaſonable thar:we ſhould be- 


Motion ; fince we are whe the Av ammn of all the 
Appearances which are here to be explained, and 
particularly becauſe from our Motion ariſes 
the Apparent Motion of the Sun, which if nor 
firſt known, the Appearances and Motions of 
the Planets can neither be explained or computed. 

WE have in the preceding Lectures demon- 
ſtrated that the Sun, which is by far the biggeſt 
and moſt noble Body of the Univerſe, does poſ- 
ſeſs himſelf of the Center, from whence he every The son 
way diffuſeth upon all the Planers his enliven- in tbe Cen- 
ing Beams and Warmth; and that they as it Ad TY 
were Dance round him at different Diftances 
and Periods. The Earth which we inhabit is to 
be reckoned as one of them, who goes round the The Earth 


Om in TG ore 128 a Lear; and at the 5 2 . 
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time turns round her own Axis every twenty four 
Hours. Now ſince the Diſtance. of the, fig 
Stars is immenſly great, in compariſon of the 
Diſtance of the Earth from the Sun, the Starry 
Firmament will have the ſame Face, and there 
will be the ſame Situation, Order, and Magni. 


order and tude of the Stars, whether they be viewed from 

22 7 the Sun, or from the Earth: But ſince all diſtant 

fern f „n Bodies appear as if they were in the Heaven, 
Sun — 


Earth. 


a Spectator in the Sun will obſerve the Earth to 
deſcribe a Circle in the Starry Firmament; And 
becauſe the Plane of the Enrth's Orbit paſſes 
thro' the Sun, the Circle which the Earth deſcribes 
will appear to be a great Circle in the Heavens. 


The ue. LE I S repreſent the dun, AB CD the O. 
tien of the bit of the Earth, in which the Earth is carried 


_ ; 200 


oy 
Plate III. 
Fig. 1. 


from the Weſt to the Eaſt in the compaſs of a 
Year. A Spectator in S looking upon the Earth 
at A, will referr it to the Star V, as if it were 
in the ſame point of Space with that Star : Bur 
when the Earth is brought to B, rhe Spectator 
in S will ſee the Earth in the Heavens juſt by 
the Star S; when the Earth is gone forward'10 


C, it will be ſeen from the Sun in+% ; and when 


it is come to D, it will appear in ; ; and when 
it is returned to A, W finittied 1 its Period, it 
w1ll be ſeen again in Y. 5 

HE NCE if the Plane of thi oe Orbit 
be imagined extended to the Heavens, as far 20 
the fixed Stars, it will cut the Starry Firmament, 


or the concave ſpherical Surface, in which all rhe 
Stars appear, in that very Circle in which\a Spe- 


The Eclip- 
tick and its 
Diviſion in- 
to 12 Parts 


or Signs. 


̃ Lyon A, the Virgin "ny, the Ballance c, the Score 


: minen. We Y „ 8 TiAl de = 2 „ — tins A * — 8 


ctator in the San would fee the Earth to revoly 

every Year: This Circle is called the Ecliy 
tick, and is divided by rhe Afiroyomers into twelve 
equal Parts, which are called Signs; each of 
them takes its Name from that Conſtellation, 
which, at the time the Names were impoſed, was 
Gruared near the Portion of the Ecliptick, it de- 
nominates. Theſe Signs or Portions are the Ram 
Y, the Bull 5, the Twins , the Crab S, the 


pion 


* ** N 2 
X — 1 
1 
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, m, the Archer, the Goar W, the Wter Leckete 
the Bearer 22, and the Fiſhes X. in = _ Ow VII. 
LET us now bring our Spectator from the 
Sun to the Earth, and let him be carried by ir Te 2 
round the Sun, and let us imagine that the Earth feen f the 


is in Ci A SpeCtaror ſees the ſame Face of rhe Sun fees | 1 


tarry 
there 
APN 
from 
tant Heavens, and the very ſame Conftellations, as Hang. 
* we have faid he did before while he was in the — 
u 5; the only difference will be, that as before | 
and be imagined the Earth in the Heavens, and the 
Sun in the Center, he will now ſuppoſe the Sun 
to be in the Heavens, and himſelf with the'Earth 
in the Center, it being really the Center of his 
own view. Therefore rhe Earth being in C, the 
Spectator will ſee the Sun at the Star V; and the 
Spectator being carried along with the Earth, and 
participating of the Annual Motion, which is 
common to them both, he will obſerve all the 
Parts of the Earth, and all the Bodies fixed on 
its Surface to keep the ſame Poſition in regard 
to one another, and to his own Eye, and always 
to remain at the ſame Diſtance from him; and 
therefore he cannot by his Eye perceive either 
his own Motion, nor that of the Earth. Bur. ' 
looking to the Sun, and obſerving him, when the 
Earth comes to D, he will ſee the Sun at the Star 
S, and will perceive that he has changed his 
Place among the Stars, and has moved from Y, 
by N, Ir, to 93 : And while the Earth goes on 
in its Progreſs, and, goes to A, the Sun will be 
ſeen from thence to have moved thro” the Signs 
S, H, and tp: and Again, while the Earth de- 
icribes the Semicircle AB C, the Sun will appear 
to have moved, in the concave Surface of the 
a Heavens, thro' the fix Signs , m, 7, W, 32, X. 
f And therefore an Inhabitant of the Earth, ob- 
terves the Sun, which is really immoveable, ro 
go thro' the ſame Circle in the Heavens, and in 
the ſame Space of time, that a Spectator in the 
Sun would fee the Earth deſcribe. h | 
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Lecture HENCE ariſes that Apparent Motion 

VII. the Sun, by which it is obſerved to creep even 
WYW Day by lirtle and little towards the Eaſtern S; 
4. fo that if any Hear near the Ecliptick does ar any 


likewiſe ſet before him. So likewiſe a d 


7 


ASTRONOMICAL 


time riſe with the San, after ſome few Days the 
Sun will be got more to the Eqft of the & 
and the Star will riſe before the Sun, and wil 


which is Eaſtward of the dun and is ſeen after 
the Sun ſers, ar a conſiderable Diftance from him, 
in the Space of ſome few Days will ſer with the 
San, and will no more be ſeen, after the Sun goes 
down. This Motion of the Sun which is con- 
trary to the apparent Diurnal Revolution of the 
Heavens from Eaſt to Weſt, was eſteemed to be 


real by the Followers of Ptolemy, who maintain 


ed that the Sun and all the Stars had two Motions, 
contrary to one another, the one common with 
the Heavens from Eaſt to Weſt," in the Space of 
24 Hours; the other proper, -and peculiar to 
each, and was from the Weſt to the Eat; which 
Courſe the Sun finiſhed in rhe Space of a Year; 
But we have ſhewed that there is no ſuch real 


Motion in the Sun, and that it is only Apparent, | 


ariſing from the Motion of the Earth. | 


be sun TH E Inhabitants of all the other Planets will 


will bave 


juſt ſuch 


Motions | 
when it 1s 
obſerved 


obſerve juſt ſuch Motions in the Sun, and fot 
the very ſame reaſons thar we do in our Earth : 
And the Sun will be ſeen from every Planet, to 


om other deſcribe the ſame Circle, and in the ſame ſpace 


lanets. 


of Time, chat a Spectator in the Sun would ob. 
ſerve the Planet to do. For Example: An Inhabi- 
tant of Jupiter would think that the Sun turns 
round him, and would ſee him deſcribe a Cir- 
cle in the Heavens, 1n the ſpace of twelve Years ; 
that Circle would nor be the fame with our 
Ecliptick, and the Motion of the Sun would not 
be thro the ſame Stars, which he appears to us 
to paſs by. And upon the ſame Account the Sun 
ſeen from Saturn will appear to move in another 
Circle diſtinct from either of the former, and 
will not ſeem to finiſh his Period in leſs _ 

| than 


9 
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Mika 30 Vears. Since therefore it is impoſſible Lecture 
that 1 Sun can have all theſe Motions really VII. 

in it ſelf, and there can be no reaſon ſhewn why 
any one of them ſhould belong really to the 

an mote than the reſt, we may ſafely affirm 

that there are none of them real, but that they 

are all Apparent, and ariſe from the Motions of 


” - 


the reſpective Planet. 7 | | 
BESIDES this Annual Circulation of the — 

Barth, it has alſo a vertiginous Motion round his Barths zend 

Axis, from the Weſt to the Eaſt, in twenty four its Aris. 

Hours: The two Points in which the Axis meet 

with the Surface of the Earth are called the Poles ne poles, 

of the Earth, and if this Axis be indefinitely pro 

duced to the Heavens both ways, it will mark 

in the Heavens two Points, which are called the 

Poles of the Heavens: Every Point on the Sur- 

face of the Earth, except the Poles will deſcribe 

th che Circumference of a Circle bigger or leſs, 

of according as it is further diſtant or nearer to one 

to 

h 

T. 


RN | 


of the Poles. The Poles are the only two Points 
which have no Verticity: This - plainly follows 
r. tom the Nature of a Vertiginous Motion. Any 
il place on the Surface of the Earth, which is e- 
t WM qually diſtant from both the Poles, deſcribes by 
its Rotation a great Circle, which is called the 
l I £quator of the Earth, or the &quino8ial Circle; rhe m. 
k ud the reſt deſcribed by Points nearer to one of quator, or 
: 5 az are lefſer Circles and are called Par- — 
illels, | {8 lels, 
; IF we imagine a Plane to paſs over that Point 
of rhe Earth's Surface on which the Spectator 
ſands, and to touch the Globe of the Earth there; 
I this Plane extended as far as the Heavens, will 
divide the Heavens into two Parts, and its Se- 
Qion with the Heavens will make a Circle, | 
which is called the Horizon; and it will ſepatate Tbe Hori- 
or diſtinguiſn the viſible and open part of the 1 
Heavens, from that which is inviſible, and which 2 , 
the Opakeneſs and Convexity of the Earth hides 
from us. This Horizon which we have deſcribed F The Senſi- 
u; properly rhe Senfible Horizon ; The Rational % lc. 


Hor 1 Zon. 


Lectüre xi being a diſtinct Circle, which paſſes thro" 
VIL ter of the Earth, and is Parallel to the fe! 
ile which touches the Surface. But theſe'twd 
9 3 Circles, tho they are diftant from one anorhsf 
| by the Semidiameter of rhe Earth, yer in ths 
Heavens they may be reckoned as coinciding, 

for that Semidiameter is bur a Point, in compari; 

fon of the Diſtance of the Heavens. 
Les SINCE the Earth turns found its Ait, the 
Rarch pro. Spectaror ſtanding on its Surface, muſt likewiſe 
ducesan Ap- turn round with it the ſame way, that is rowards 
part of tbe Eaſt: And therefore all the Bodies in the 
tbe Heavens Heavens, which are placed in the Eaſt, and were 
round the nor to be ſeen by reaſon the Plane of the His 
h zon was above them, will become Vifible, Weg 
by the Rotation this Plane ſubſides, and 'cot& 
under them: So likewiſe the oppofire part 0 


this Plane towards the Weſt, rifing above the if 


Stars, will hide them from the ſight of the Spedti- 
tor, and all the Stars in the Weſt will become Th- 
viſible : Hence it is the Stars of the Eaſtern (ide 
of the Horixon will appear to rife above the 
Horizon, becauſe the Horizon deſcends below 
them, and the Stars 6n the Weſtern fide will ap- 
pear to ſet or go below the Horizon, becauſe 
the Horizon does really get above them. Hence 
ariſes that Apparent Motion of all the Bodies of 
the Univerſe that do not adhere ro the Earth, 


to be immoveable. 
ALTH O' every 


that Place; ot 
 * rather when the Horizon is pnder the "5:47; 
pet the Illumination made by the Sun s fo great 
; Lbs - 7” 5 An 
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ae . r je 
* ſp hete ſo . 1 85 2 KK Per be 1s above | 
wo 1 Horizon, d A reſe Fore quite extin- > 
ther 15 "th 10 e 15 te "fixed Stars, a ede 

the . Dy; "Sur withdr raws ES 


ns, ad goes 15 our 10 rt Tore proper! 

Alle when our = gets A Me he's Sun, Be M 

* "1 Nes leave 5 iy } Ollie And af 800 arwhich Night, 

the rims It; is gc w ſince tl 5 1 1s; an 

iſe opake 'Spheric: 1 185 155 great I Diſtance from, 

rs Fun, one half il always be, Mumipa-; 

the Th by os Sun, "while the othet hal ; Femaigs in 

ere Darkneſs : And the Circle which diftin guiſhes the 22 

Mi. lin nred Face of, the Earth from the H; & ide, founding 

Il ea the Citele 85 the Tnterfectie ig bb 11 8 

0 ane Shadow ; 4 Line drawn, from 8 enter of 115 Sele 

of Wiki Fun, ro the Cehter ot the Earth, 1 wks * 

b Perpendicular to the Plane of this 'Circle 

Ab the 4 of the Earth had been” placed in 

[n- 5 8.75 Perpendicular” to the Plane of che « : 

de cliprick, then ih chat caſe the Plane of the Barth 8. 

he Equator bad coincided with the Plane of the 

W prick, or the Plaue of the Earth's Orbit; 

| 11 Me Circle bounding Light and Darkneis, 

would have always paſſed thro the Poles of the 

tb, and cut the Xquator and all its Par- 

aſſes into equal Portions: And therefore in that 

iſe, the Sun and all the Stars would have re- 

niined as long above rhe Horizon, as they would 

have lain hid under it, and the Days would have 

ar been conſtantly equal to the Nights. But now, 74. Aris 

rc Ws the Cafe is, the 4Axi3 of the Earth is not Per-of the Earch 

id pendicular to the Plane of the Ecliptick, but is ihe” kc 

0 inclined to that Plane, and makes with ir an An- !athe Plane 

e Mole of 66: Degrees; and therefore the Plane off * Ecliph 

ar the Earth's Equator cannot coincide. with the 
Pane of the Ecliptick, but theſe two Planes make 

© wich one another an Angle of 237 Degrees. 

ir the Plane of the Earth's Aquator be i- The 

Inagined ro be produced as far as the fixed Stars, e te. 

d 


it will there make a Circle which is called this ray 
Celeſtial Æquinoctial; which is exactly over the 
8 * Terre⸗ 
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FE. "ar : * Pp 4 00 the other round its o 
„ , W ole C Sate is carried In 
22 OD He ib Line A , and. In 15 we ſhould 1 Tr 

| 25. 3. Dj re . which is 10 in alen 5 
the 1225 AB; "if his Bod 25 no 0 77 185 15 


progreſſiye N tion in th 

comes oY "the Point 5 jame er C D ill 
— nts 9005 c AP 85 afrion. Bee p. 
aralle tot for er 1555 I It 
there ſhould, þ 1 62 ed. ag 0 55 Body 0 oY 

tation fou CD. as an Axis, all 77 Diamete 
of the K Will conftantiy change their Pongs 
by rhis Rot ion, except the Axis, Which will r. 
main is its former State: The Points in the 1 
being the on Points 3 in the Body which have no. 
Rotation. ut this Axis, as. Was ſhewed, did bes. 
; fore the "Rotation always hor he a Poſiti ition; Pas, 


rallel to it ſelf, therefore after the Rotation is ime 
Preſſed upon the Body, the Axis will fill keep 

- >" Parallel:t0. its ſelf. F 

N HENCE it is evident that chere is no. need 
of 'a' third Motion for the Earth, as ſome. haye 
- imagined ir muſt have, to make it keep its Ait 
Parallel to its ſelf: Fot to this effect there is my 
thing more required, that than it ſhould have . 
the former. two, with which alone it will nece 
farily keep its Axis Parallel to it ſelf: 


3 


1 1 51651 


* 


eee 


SIN ib Plane of Wea + ALIGN: | 
toincide with the Plane of the 15 YN VIK 
mo Planes muſt cor one — 22 r L WY 
and while the Barth turns round the mY jerks 
common Section pf ped ta ob mer e 
always remain Parallel to its ſelf Lato oy _ wi 
maſon as we ſnhewed in the Pöff 1 n 
Ar: And therefote this Secxion of Line, in 'whi ni SEE 
the Planes chr one another, will always be dre. 
i towards two oppoſite Points f of the E 


clipt =. 
and will d un 2 FR 


Ne 6 the" latte 15 pf 

Far | 1 en t ii 27 "4 48 
A ges Cbele in 10 the" Heavens 
the two CeleſtieÞ Poles, aud rfie common 8 
of the Aquztor and che Eekptick is calle 
WEquinetHiet::Culute : An othet Circle cuttit 
mer in che Polos at right Augles, is call 

ie cee, Which pales tro che Pol 
Where chie Æ and Eeliptick are at the kale 
be Nea Diſtanee from one another, 1 25 lixewile 
* beck theſs' Cireles' at right An 4 therefore 
+. does likewiſe pafsthre the Pbler df dhe Fel rick,” 
; er that: Pbinr whith- is every 8 n G ; 
on Mane from7-the'Ecliprick.” *'THe® fort Poirlts' in 
e onich thefe r- Wants interſeck the Ecliptick/ | 
„ Necalled the four! Cardinal Points,” bectufe Ma _ 
| * dun is leen i r he derermines the foul dinalPoints, 
ons of the Vear. The two Inrerfections of 
i e Ain ria W Ecliptick, art” 
alled the guinb i Point; the other two be- 
ng the Interſections of the Solfliehel Colure with 
Ecliptick; are called the Sofi Points. 
SUPPOSE now the Eye of à Specta Rane 10 = ny 
from afar, obliquely upon the Orbir e . hk 


rb; it will chen appear or have a R 7 
jon of an Oval figure, according to the üles D . EA 
erſpedtive, and in the middle of this Oval the Sun 
mill keep. Thro' the Center of the Sun 8, draw the 
ight Line S parallel to the common Se- 
tion of the Equator and the Ecliptick, which 
wil meet with the Ecliptick in two Points Y, =: 
lad when the Earth _ from the dun is in either 
2 


E 


9 
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Lecture ſof theſe Points, the right Line 8 V or $ &;/whict 
2 joins the Center of the Earth and Sun, Wil coin 
cide (with then common Section of the Æquatot 
The diffe- and Reliprick,! and wall then be. Perpendiculat ta 
rent illumi- 
22 be the; Axix of the. Earth. or of the Æquator, becauſe 
 Paralle 75 Ie in chr he the Æquator: But the ſame 
cording i 77 1 alſo. Perpendicular to the Cirele:; which 
the — SY * Light, AG; Darkneſs, and therefore 
GY the Axis. of the Earth will be in the Plane of 
52 Hl which nll gant go 2 the 
Ap- Pgles; of the Hanb, and will cut quator 
= and all fo Parallels i into equal Parts. When tlie 
R Earth therefore 1 18. in the beginning ob : , the 
Firn, and Sun will be ſeen in; V, in the c’nen Section 
che ue of the Equator and e Ecliptick and therefore 
ſeen in Aries. 
0% 0 ig will appear in the Celeſtial. n and 
* Will not be ſeen to decline to either of the Poles; 
but being exactly in the middle between both, i. 
Vill chen by its Apparent, dipraal Revolution 
deſcribe the 'Celettial, Æquinoctial. Ia tis Po- 
ſition of the Earth, the Sun will exactly illumi⸗ 
nate the e e Pole to Pole, and as we 
5 fad the Circle, houndiag: Light, and | Darkneſs, 
5 | Will. cut ihe, Parall exactly into equal Pam, 
and every Point, of. che Earth being cartied round 
Dn by. the. vertiginous lotion, will, remain as long 
na , vi zin the obſcure. fide, - as it was in, the light or 
; e Portion of the Earth Surface: And 
therefore at that time thro the whole Globe of: 
the "Earth, the Day. will be equal to the Night: 
From hence the Circle, which that Day the Sun 
ſeems to deſcribe im the Heavens, has obtained 
gi. the Name of Aquinotizel. 8 
THE Earth in its Annual Motion going by 
== deg es thro m and 7 towards wp, and the common 
Earth is in Section of the Equator and the Ecliptick re- 
Capticorn. 2 always Parallel to its ſelf, it will no long- 
paſs thro the Body of the Sun, but in wit 
a = es a right Angle with the Line S P, which jolns 
the Centers of the Sun and Earth: And becauſe 
the Line SP is not in the Plane of the Æquator, 
. but in that of the Ecliptick; the Angle AIP 
— w 


7 
2 * Is 


48 Ke 7 VN E. W 
Which ae Axis" of the Eart CA w fie? III. 


not now be a Right Angle, blique; 
two Lines making an An le OW 662 Be 


which is che ſame with e Inclin ation 0! 12 


Ari to the Plane of 2 e Let 12 
Angle 8 P L be a Right the Circle 


bounding Light and Ne as ite 

725 5 T the Arch B 1 898 he 42 * 
235 De to che 

Sen of the Angle B 2 a right An- ' 


L BE 
B56 The Angle BPE be a right Ale le, and'theh' 
the Line P E will be inthe Plane of 


og 


II 


e Egg uatöp: 
Therefore 'becanſe the Arches BE and L A. are 
equal,” eich of chem being Quadrants; if 
common reh BT be taken away, chere will 
wain T. E equal to 2255 equal 7o. 23x Degrees. 
Take- EM equal to ET, ad thro the Points 
M and IT, deſcribe two Parallel Circles 1 C, 
MN; the one is called the Trt of Cancer 

the other the Tropick of Capricorn vp.” And? th 
Earth beg in this Situation, the an will nine 
perpendicularly upon the Point T, and then it will 
ſeem to approach the neareſt that it can come to 
the North Pole. And the Circle which, by che 
Apparent diurnal Revolution of the” Heavens, _ 
dun ſeertis'to deſcribe, will be dtirectiy over tbe | 
Citcle TO in rhe Earth, which Circle is there- 
fore called the Celeſtial Tropick of Cancer: Noi 
upon pon the' account of the Revolution of the 
Earth tohnd its fred Axis, all the Points df 
the Parallel TC will in their turns paſs by © 110 — 
the Point T, and will be en under r 
zun; and ſcherefore the Sun will be Joby, 


tws 
7 nel. | 


Wird 


ond 


to all the Inhabiranrs chat et rop 
G., when po ones Te. 1 Pig 
in this Po Sch; it is ma- 


hile the 2Zarth is 
nifeſt that the Circle which Hou — Li hr and 
Darkneſs reaches beyond the Nort Pile B to L; 
but towartls che Goutb it falls Mort f the South 
Pole A, and reaches no further than F. : Thro?” 


d E jet two Parallels to the uator be 
K $44 15 1 F 'E 3 Tac 


AS, $ T N O 9 27 T: 4L 


te; deſcribed : Theſe two Circles are called the Pola 

"© reles ;_ this is called the Arctict Polar, che he 
: Anterdlick, . And while the Earth in P, al 

tbat 44 of it. which i is included ae e Polar 


Circle K L continues in Be Lighc e 
Aab Revolution rqu e Aris; 
ahitants there 0 A. continyg! 


e 4. deen rhoſe tha YE ak 8 


EE "On. Gitte 
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* 15 = Wann that all 15 81 "Wie 7 


WOT and the r&ick, Cin 
vary x r 
the Gree ding ight 


into une +644 t e 255 f 
Circles remaining ighe, and the 
1 N che Parallels which 
| ge, ircle, have theit 
eſt f 5 0 11 5, and their leaf 
0 Light; and the 12 of theſe Por: 
* Saen e greater $ 2 a as the 
vn & are nearer to th or c qua; 
* Teer ir "his Pair, the Earth, 
| the Sun 1s ſeen in G nts of 
| . te Long, al Hemiſp Wo AE N Toe Na 
onge their Nights ; 
[Mer of. the Year will be Summer. Bun 
in es Southern. Hemi ſphere the Inhabitants will have 
their ir — * andheir their Day $ horreſt 1 a 

be in their ted 
When the IN D. in * Place t the e of = longeſ 
Lore, © Days will be the greateſt, and the Nights the 
len ſhorteſt, according as the Place 3 is further removed 955 
Sort. from che uator, and comes nearer the North de 
| 882 We fee likewiſe that, of all the Parallely 
ark Li © Aquator which is cut into 1 
by - the Circ] .bounding. Light and Dark. "1 
nl they being boch of them great Circles: And thi 
1 9 it 1s, 10 1 che Inhabirants of rhe Earth IN fed 
co live ip; t or; that have their * Wh 
bale Year ak e ee Wh 
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5 
and: | the'E : 
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aul N 
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ecke Sun, "4d. 
W the Celeſtial *Fqtiino@'ia! 
0 Days will Apain be eg ke tc — is 20 
* alt che wn of i be Ear oe 118 er t E — 
* line way as was when e Eqrth was in th, © 
* 4 har Foto he rhe Ki „ Borg ing Light a and 
wy 8 12 in I 
Ws 1 © F acta — 215 7 8 and , 
ble. 15 will be BO go in, rhe Ecliprle 
hd: 92 1495 3, and will appear to decliny 
th from. the Me row: rds 185 South ; . fo tha 
og When the Egrth is really in G, the Sun Will The Ap- 
= N the Star, bes ar the onftellation ere, 
— 115 ng wh re $ the Axis. BA hex jy lor 8 Srder "oo 
97 83 89 17155 does always reti in ne AG ; 
- 1 iſm , ns Earth will 5 th be bf ind 242 8 * 0 
305 bs 1 15 in reſpect to the 1 84 
| it was in W; but aa Wee A K 


ave 

* mh den the Tt: rack with in Pi ar Circle 
und KL as in conrigual Th ht” Apo che. Eart 
" 48 in * * now. the Earth 8 tha 
he 155 Tra will. "altogether, in 1D: Hel, a 

| the Beams of the Sun can not reac Ws But the 
ed oppoſite | Fee within the Circle F e will 


e in a cbntigual illumination, and at the Polo 


4 n e Night for the (pace of "Bn 


al fs 
he "HER * likewiſe of the Parallels betweeg 
the Aquaror * d the. Nort Pole, the illumina- 
OE 1 Portions are "much. leſs than the Portions 
he Mie main in . Darkneſs; ; the contrary, 
Wh h boened 50 in the former Poliion, ſo like- : 
t the Sun at Mid gay will eat vertical, 
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RB ASTRONGWICAL 
Lecture ot directiy over Head to all the 5 a 
VII. live in c Tropick MN, ſo Fe 5 4 
to have deſcended 9 15 
the Parallel TC to t Fi 
the Arch CAN, Which 
** the be 95 all 15 7 1 we 
t n e Lropicks, t ards . either of 
the $$: A 47 de the Sun 5 444 Summer 


„ whole Deg nearer to th ir Vertex or rot 
Point dre Iver their ae tha in op- 
4; \- poſit 110 0 f, Winter,” "This "change 77 tr 


ation in reſpe * ro. the Sun, 45 not ariſe. be 
cauſe the Earth. is raiſed.” r. epreſſed, put 9 
the contrary, becauſe it is 90 where depreited 


and no Where raiſed: But with. z its 4xis = 


the ſame you utable Poltion, in xelpe 
Univerſe, o going roun; * be a which j 
placed in the C Center of its ay d the 4x i 
thereof retaining” the ſame Inc Mare 0 
Plane of the Orbit, and Iþe; ſame. -Sirnarigh in 


W 
„ reſpect to any other fixed. 1 
yay . will 100 ac evident 


1 aw, at to our Eyes, if we light; a 78 in a dark 
th pe oom, and take a (wall. Gla of .rwo or 
2 be re- Inches Diameter, in. "which. we muſt mark. the 
preſented to Poles, the 2 ator, ſome. Parallels, and ſome Me- 
ale Eye. tidians, oy ircles paſſin * from Pole to Pole; 
. 5 we al, fo hold, this 2 82 
Candle, that its Axis m Perpe i- 
cular to the Plane of the Tall, be on W Which AK 
Candle 4 but let it be incli ned to It; 
in an Angle 3 25 of 667 Deg rees ; then place 
the Globe in ſuc a We that one 'of in 
Poles may point directly, Rorthmard , 
the light of the Candle firſt reach an oy, 
to Pole, that is, let he Circle bounding Light 
and Shadow firſt paſs "thro. ; the two... Poles 
of the Globe: Then: ter” the Poſition | of the 
Axis be well | 6bferved hen move the 
Slobe round a Candle Wich your Hand, 


4 Circle Parallel to the, Hwrizon, holding 9 


Dn —— 
= 4 
+ 
| ; | 


> E 


ee 
XP 


— 


92 
2 


| on 


© 


F 


2 
* 
N EY | — 


N s 


. TY 
:- = 
wy. 


> 


* 
* 


. 


—— 


DOES N 


— 


. 


are called Secondaries of — Ecliptich; or Cir- daries of the 


* P ” 


Wn? 


121 hy he EDT ring By Way 


4. 9k a, to the H 
This dogę yon DE 19 0 ie ergy 0 


andle will in "he ſame 2 1 this 
2 as the, Sun actually does che 0 5 io ol 
al oy. Poles: of 3 Globe; its | 18 
Parall 


Fes undergo. He, 
Fehr . and. Datkagls, . which * e HOW, Ex: 


plained. Fc. ; 
THE like l amend. or. Appearances. may - Ae 
be obſerved. from y other P pet t th turns —— 
round its Axis. | or Exampl, - ! Fupi er pere ot ber Planer 
farms his Gyration in the ſpace of, teg Hours: 46er, = 
and therefore, a Jovian or an, nhabitant of Axis, — 
Jupiter, will ſee the whole Heavegs, and even, on 
Earth together 180 the Sun, to have ara 
Motion round his Body in * ſpace, of ren . 4 
owes, Bur the Axis of Jupiter is very nearly 5 
ndicnlar to dhe Plane of his- Orbit, 1 
deer the Circle bounding Tight and” Datk 5 | 
in Jupiter, does always nearly paſz throt 
1 3, and therefore the Days and Nights 
in that Planet ate almoſt co conſta Kan qual; hence 
Ic ſeems 855 Fovians 7 pier orm rem- AI 
perate Seaſ⸗ on, without 5 * y ar: the ap- * 
rg Heats.of the e ar the Cold Mt 
the. Inter. . . 
E thro the einer. of \the 9. or 26 The Axis 
ſit js 175 matter wich, for theſe rwo Points 24 Lt 
at the Diſtance of che Stars will be ſeen r6 
coincide) there be raiſed a Line which is — 
pendicular to the Plane of the Ecliptick, and 
this Line be produced to the Heavens, it is 
called the Axis ofthe Ecliptick; and the two 
Points which this Line on both ſides produced 
does tend to ißt the Heavens, Mare called rhe 
Poles of the Heavens, Now if we imagine 
great Circles to $'thro' theſe; Piles and by every 
Star or Planet, will. all Be Perpendicular 
to che Plane of r de Ra tick. Theſe Circles The Secon- 


Wa” * 


ves 2 Latitude, And an W of one of Ecliptick, 
SAT... > 4 
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theſe Citeles* intercepted "beriween' dny 8 
the nk te 180 gane, ee b chat 2 


or it Eclipr priek; which m 


"The Lati- þ Fo "North. 5 No: ac = 48 the & 


—4 * s upon che Non h for” e 


the Eelip. 
tick. Sd alſd an Arch of the, Feliptick 
the firſt Point of V, or its intetſection there wit 
the E l and the Oe where & ae 'of 
Latitude paſſing, thro a 8 e 
gr ed the Long leude of that Star.” oe Per 
FTE R the fame, m 2 chere be coj! 
eite Infinmerable © Circles to piſs thro" thy 
o Poles of the Earth, and thro' Bs place on tt 
* they Will all be Per ndiculat to the 
Aquatot, abd'they ate called gecondaries of th 
| Mquator* put in feſped of the "Places "rite 
The Me- Which they pats, th e Neri 


ridiana. cauſe ke che 195 iS Wy in any. place q 
ö the Plane of fuch Circle, it will” Mid- da 4 
to the Inhabirants of that Place. e Atch i 
955 of theſe Secondaries © intercepted between | 
any place and the 9 uaror , "Te called tec 
The Latitude. of rhe Place'; . "of Irs Diſtance * froth * 
ends of ” the " Xquator ; „ Which Tha pe likewiſe eithet * 
Pine, North or South; ; And thar_ Arch of che K. mY 
| quator, that” lies between che Interſection = oy 
e Secondary 1 257 through av; Place, with lf? 
25 on the AXquatot, and any other fixed Point in A N 
e is Lk the ; Longite of thar Place. 1 
* : — f 1 20 brad, nid 10 
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$4 ber F other cee or 
a Een which 28 ot the "Motion 
oh: rn tvs Earth,” . ie 
the ap 9 4 % Signet i bes 
*0 | INC he La wee te peel zl 
Fi un that its Axis always tema ins 


Parallel to it ſelf, it ſeems heceſ- 
fo boa this Ari, at different Sea- 
485 


1 
* 


111 i Each in 25 ma mold not 1 ſo di- = 
tely- over it in the Winter; but that the: A Tear, 
ſhould point to a Star, 'whoſe diſtance from 
the former ſhould; be equal to rhe Mbox. Dis- 
meter of che Earth's; Orbit. 
E OR let Ach be the Orbit of the Eerth; I yu I. 
whote. Center is the Fun 8; A B the Diamerer of Tm 
rbit: F th * Earth i is at A, its Au is 
irected to 4 * - which is directly over the 
Pole of. the ow when the. Earth comes 
85 the oppoſite eile of the Orbis B, the Aus 
in a Poſition Parallel to its former Poſition, 
d; Þ wc no longer point to the Scar E, but to another 
22 Star, E, which two Stars will be diſtant: from each 
ether, the whole length of the Diameter of the aA 
great Orbit. But the Angular of obſervable diſtance 
Ff the 1 the Ang B E, which is equal 
do the Ang r the 29th Prop. iſt. Book 
1 il of Euclid, Ban che. Angle AEN is che Angle 
03 under which. the Diameter of the great Qrbie or 
18 a B5 of the Earth is ſeen from the Star E, which 

ole wo or HIT is Miles? the Parallax of  Th* Ta- 
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ASTRONOMICAL 
2 at Orbit, and if it could be obſerved, ws 
t by it find the diſtance of the Star E from 
Ve Bork in reſpect of rhe Sun's diſtance; fray 
; or in the Triangle EA B, we have the An. 
ole E which 1s equal to the Angle E BF, which 
we ſuppoſe! we can obſerve 3 we have likewiſe 
the Angle EA B, which in the r point. 
is always a Righr Angle; and in the Solſ7ices i 
equial to the Inclination bf the Earth's Ai to 
lane of che Ecliptick, and is always equal to the 
ifible diſtance of the Sun from the Pole: Hence 
in this Triangle we have all the Angles; we 
have likewiſe the ſide A B, and e A 
by Trigonometry we can find the ſide A E, 
n 8 the diſtaace of the Scar E from the BN 
This Pa- BUT the Truth is, that the'diſtance-of the Shah 
25 1% is ſo great in reſpect of AB, and the Age 
d. EB F is fo very mal, that there can be 90 
+ | Inſtruments made nice enough ro obſerve it ex. 
actiy; and they who have taken moſt Pains td 
find K out, could never obſerye it ro be ſo'grear 
u dne Minute: And fince i iche Obſervations of 
5 uch ſmall Angles, Errors earcely to be g. 
q voided, and ſuch too as will in the Computa- 
3 produce prodigious differences in the di. 
ſtances which depend upon them; we ©: 5 
ſtte,nſely truſt ſuch Obſervations: For if 8 
Flamſtecd we ſhould ſu fe rhe Parallax,” of 
Angie E B F, ro be 42 Seconds, 4nd there 1 
an Error committed i in Obſervation, which mak 
the. Angle 23 Seconds greater” than it really is 
(and no Man can be ſure” that he has not com- 
A 2 FE: mirred ſuch an Error) the diftance of the fixed 
Stars uncer- Stars in that caſe will really be double of what 
tain. our Obſeryarion makes ir. But if the Obſerva? 
tions happen to be leſs accurate, ſo that there 
may be a Minute or more berween them and 
the Truth, (and moſt of out Obſervarions 2 
ſuch). the diſtance - that” ariſe from the Odnl? 
putations made on ſuch "Obſervations, ill be 
pProdigiouſiy wide of one another, and al of 15 
e 1 8 een from the Truth. 55 
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zidendicular to beth thoſe Circles. Let it meet 
with the Ecliptick in A; the Arch P A will mea- 


* 


1\DECTORES!Y | 
'HITHERT O-we'have ſuppoſed: the Ax# Tectuce 
of the Earth to have remained in an immuta- VIII. 
ble Poſition, and ro have continued in an exact 
Paralleliſm, and that the Earth had only two The: Arbe 
Motions, one Annual round the Sun, the other Ir 
Diurnal round its Arn. Bur the Aftronomers, — age | 
from the Obſervarions of many Years, have found exa# >» "ih 
that the Axis of the Earth has not exactly kept le-. 
its Paralleliſm, but has deviated a little from that 
Poſition, ſo that tho the Variation in the ſpace 

of two or three Tears be ſcarcely ſenſible, yer 

in many Tears, or in a Century or two, it is 
very obſervable 5 And therefore while we were 
explaining the Appearences of one Year, we ſpoke 
nothing of - this Aberrarion, for that could no 
ways diſturb the Phenomena that were then to 

be explained; yet in the compaſs of ſeveral 
Years, this mutation or change of the Poſition 

of the Earth's Axis becomes very remarkable. 

So the Direction of the Ax# has been ſenſibly 
changed, tho irs Inclination ro the Plane of the 
Ecliptick has remained the ſame, and from hence 


we find, that the Axis of the Earth has ano- 


ther Motion which is here to be explained. 

Let the Line D CH repreſent a Portion of the plae 1v; 
Earth's Orbit, and ler the Center of the Earth be Fig. 2. 
C; from which ered. C E perpendicular to the 

Plane of the Ecliptick, meeting with the Con- 

cave ſurfare of the Heavens in E: This Line CE F 
will be the Air of the Ecliprick, and E the Pole, + Far 
of it. Ler © P be the Ax of the Earth pro. cliptich, 
duced to rhe Heavens, P will be the Pole round 

which the Heavens have an apparent diumial Re- 
volution. 'Fhro' rhe two Points E and P draw a 

great Cirele EP A, which paſſing thro” the Poles- 

of both the Ecliprick and Aquator will be Per- 


ſire the Angle PCH, which is the Inclination 
of the Ax# of the Earth to the Plane of the E- 
cliprick, that is, it will be 66 Degrees; and there. 
fore the Arch EP which is its complement to a 
Bo FLOOR TT, Quadrant, 


ASTROWOMICAL 


VIIL meaſure the. 109 7 EC . that the 46 of the 


4 | Lechurs Quadrane, will be 134 Degrees; which Ach wil 


; be Pole 
| 2 befor 


Ben ah 


na ea any = as A =o as the Earth camt 
ro. the Point of its Orbit C, the Pole af the 
Hearens would be conſtantly in the indipiſible 
Point P: But we find that the Pole of the World 
does conſtantly change its place in the Peri 
PF G, and the Axit of the Earth” which before 
pointed to P, after 72 Tears will look 10 4. 
nother Point Q, which is one Degree from 5 
towards the Weſt. And by this means the Aa 
of the Earth, or of the World, is catricd in 4 
Conical Motion, or deſcribes. the Surface of 4 
Cone, whoſe. Vertex is in the Center of the 
1 and its Baſt is the Circle PFG; and the 
Pole Pp, will conſtantly move in the | Periphery 


PF, wich a very flow and retrograd Motion; 


from the EAI to the Nr, and not finiſti 
its Circulation in leſs than 25920 Yeats; aftet 
5 Ee time the Pole having left the Star at 
P, does again return thitber. Hence it follows, 

18 Star which is now the Polar, and di- 


N rectly over the Pole of the Earth, aſter 12960: 


Years; which is half the Period of the Polar 
a will be 47 Degrees diftatir from the 
Fol, which will 9 be directed o G. 
he Circle E A being Perpendicular to both. 
the Ecliptick and the Equator, will be the Sol- 


The Sol- ſtitial Colyre, and A will _ the Solftitial Point, 
1 Co- which . Point of the Ecliptick is moſt diſtant 


from the Equator: Now after the Axis of the 
Earth produced comes into the Poſition C Q, 
if there, be drawn chro- the Poles of the E- 
cliptick 


* 


1 El 


diprick LS th uatot the 5 this. 1 
de wil will {$5 fe Te to ras . 


In 
quaror and Eclipri 1 85 therefore Whea th 1 
55 of 85 re i, the” Poſition Gs 
Circle EQB 0 be the! Si t N 
the Solftitidl Point will be B, Where that "Cirs 
cle inreriects is Ecliptick 5”, and f e 


* 2 


Sol ina! F s will move backwards: The Sol⸗ 
with the Po 71 e ee We" Pole. eli — Points 
in 0 the Cirete POG: ich is Parallel to the E- rd. 


eliprick, che Arches PQ aid. A B will be like" 

or fimilar ;" d chat 8 2 an Een of 

2 Degtee, AB will likew! be an Arch * 

egree. tie 

1 E 0 E the Solftitial Poitits* 911 always ©. 

be receding ffom the Stars backwards, fo thar- '- ; 

if the $olft;r5al' Point be rhis Day near the Star” | = THT 
after 72 Tears it will be in B, one W hp 10 

ered rowards the Veſt of the Star A. And fince 

the Salſtitial Points move conſtantly backwards,” br 

the, Equinoctial Points which are always 9 

Degrees diftant from rhe Solſtices, will alſo more Tze En- 

conſtantly backwards ; and ſo likewiſe muſt all no&ial 

the dhe Points of the Ecliptick neceſſaril mo 18 2 

back, equally. with the Solſtices, becaufe Fa bey ears 

keep conftantly, the fame diſtances from rhem *, | 

Thus ſince between the Solſtice and the inter- 

ſection of the Aqbator and the Ecliprick, ther re 

ite go Degrees, or a Quadrant of a Circts,” 

when the Soltice has moved one Degree Weſt” 

ved, the Equinoctial interſection muſt likewiſe” 

move one Degree Yeftward, otherwiſe they c could, 

tot always keep the ſame diſtance from ons” 

another : Mbesclote the Equinockial Points, and, ARS. 

al the other Points of rhe Ecliprick, do move 

continually backwards, or rawards rhe N. And | 

this Motion is ſaid to be in Autecedenti a, to tel The Md: 

Wftward, and contrary to the order of the Signs: 7 flons — gy 

hs the other Motion whereby the Earth and alt © : 

the Planets are carried round the Sun to the 

Erftwards, is ſaid to be in Conſequentia, in Cou- , The Me 

a or according to the Order of | the Si Et 


S 
t is from) 6 175 it, & And this backward 
Motion of uinoct As called the 
Preceſſion) of. Ee — by which they ; are 
. rr, Cc ad a y. back unto; the preceding Signs 
| 3 fall all more wy my behind, the 
Sears. 


| PE" 6 IN Nr E the fad Stars re ain. immoveable 
| 885 and the common derteddien © BER quator and 
a 5 k 5 ſtanrly falls b „it muſt 
neceſſarily his en that the TY ay the Stars 
from the ans Points, be e chang- 

ed, and rhe. Interſections moving eſtward, 
—— * to remove Ros 7 more * 
„ ward in of the Aqui oints: And 
hy of #* therefore the Longirudes of the Stars Thich te 
Points back- computed 5 the firſt of Point V, on the Vernal; in 
1 gras, rerſection of the Equator and Ecliptiek, muſt con- 
| ſeen to move ſtantly increaſe ; and all the Stars will ſeem to hayt 
5 oh er a "Motion Eaſtward, not that they have really any. 
60 che Baſt, ſüch Motion, but becauſe rhe Equinoctial Point 
> has a contrary. Motion to the Weſt, ſo that the 
D.iſtances of the Stars or their Longitude from the 
-- firſt Point of V reckoned Eaſtwards, becomes cone. 

3 anal) greater. 

1 cn. HENCE it is, that all the Conſtellations 
| N ws have changed their places, and have deferred 
ged their the Stations they, kept when they were obſer⸗ 
places, ved by the firſt Aſtronomers. Thus the Conſtel- 
| lation of the, Ram, which in Hipparchw's time 
| i was near the Vernal inrecſechion. of the Xqua- 
1 tor and Ecli ck, and, gave its Name to. that 
=... Portion of the Ecliptick, is now removed from 
þ that Mirren a whole Sign, or a - twelfth 
Part towards the Eaſt, and is got into the Sign 
N or Portion of the Ecli iptick called U or the Bul: 
1 Thus alſo, the Conſtellation & or the Bul does 
tt 9 now reſide in Gemini or the Twins, and the 
. Stars which are called Twins are at this Day 
1 1 to & or the Crab; the Stars in the 
Crab are go t into the place which was formerly 
poſſeſſed. y the Lyon, and the. Lyon has driven 


the Vi irgin a whole Sign forward; and ſo every. 
7 Conſtellation 


Rer.. 


Conftellation has ſince the firſt; Obſervation Lecture 


changed place with the following. But here it VIII. 


- 


js to be obſerved, that tho the Conſtellations (LN 


or Images have left their places, yet the twelve 
Portions of the Ecliprick, which are called Do- 
decatimoria, retain ſtill the ſame Names . which 


they had at firft in the time of Hipparchs: Bur 


to diſtinguiſh them ftom the Conſtellations, the 
Portions of the Ecliptick are called Anaſtroum 
Signs, or Signs without Stars; and the Conſtel- 
lations are called the Starry Signs. 
SOME Antient Aſtronomers ſuppoſed the Inter- 
ſections of the Æquator and Eeliptick to be im- 


moveable, and becauſe they found that the Sars 


which the fixed Start were placed, to have a 
flow Revolution about the Poles of the Eclip- 
tick; ſo chat all the Stars performed their Ch 
culations in the Ecliptick or its Parallels, in 
the Space of 23920 Years ; after which time 
the Start would again return to their former places. 


This Period of time, which is five times greater 
than the Age of the World, they called the great, 


Year; and imagined that when it was finished, 
every thing would begin again, and all thang 


happen and come up in the ſame order they 


now. . Ek 


* 


* 


THE Phyſical and efficient cauſe of the Pre: 


ceſſion of the Equinoxies, was unknown to all 


3 37 7% on 


changed their diſtances from theſe Interſectionz, 
they therefore imagined. the Orb or Sphere in 


> 3» 

. * 
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Te great 
Ar. | 


the 4ſtronomers before Sir ISAAC NEWTON); © 


none of them being able to 
it did proceed. Bur Sir ISAAC'NEW TON 
having conſidered the Laws of Motion and 


Gravity, hath clearly demonſtrated that it doth a- 
riſe from the broad Spheriodical Figure of the Earth: 


And that this broad Spheriodical Figure ariſes 
from the Rotation of the Earth round its Axis. 
ALT H O' the Earth in its Annual Motion 


its Period in equal intervals of time; yet its 


gueſs from whence 


does ſo go round the Sun that it always perfcrms The mo. 
tion of the 


Earth in its? 


Motion in its Orbit is obſeryed not to be equa- it: er 


G 


ble equable. 
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ASTRONOMICAL 
f s 2 and Fier Mo. in ſome: plages-it mord 
- Uuicker, in other places it ſlackens its pace; and 
e therefore the Apparent Motion of the. Sun in the 
Ecliptick cangot be regular and Uniform :. And 
ne is not obſerved to go thro' the ſame ſpace 
of the Eeliptick every Day. In our. Summer he 
obſerved to go with a ſlower Motion in our 
Winter he moves ſomewhar faſter; and the dif 
Terence of theſe Morions in Summet and Win. 


rer is ſuch; that his place in the Ecliptick ß <2 
ſometimes two Degrees above what it . would: An 

be, if he had conſtantly kept che ſame pace und 12 

| fomerimes-it is two Degrees leſs: On which . a 
1 5-4; count the Sun is obſerved to ſpend near eight Days den 
Days longer more time in the Northern Signs. of the Eclip- 7" 
tba Min- tick, than in the Southern Signs; ſo that fran Le 
er. the time of the Suns being in the Vernal F. ch. 
Jene. till his coming into the Aurum, 9 
there ate 1867 Days; in which time by hs the 
Appatent Motion he is. ſeen to deſcribe one half iſ K! 

_ "of the Ecliptick. Bur from rhe Auummm K. un 
quinoctie to the Vernal, chere are only 1751 hall 

Days in which fpace of time be finiſhes bis 

dourſe thro the other half of the Ecliprick, and I 7 f 

- vifirs all the Southern Conſtellations. -: We ve © / 


> 


alſo aſſured by the Obſervations of Aftronomer, 
that the Apparent Diameter of the Sw» in Wih- 


The 4p. ter, when the Motion of the Sun is quickeſt, *2 
pareut Pig. is greater than the Apparent Diameter in the n 
meter le, Summer, when he ſlackens bis pate ; and the i fl. 
in Winter Difference is ſo great, thar when the San ap- 11 


3 biggeſt, he is ſeen under an Angle of 32 
Minutes 47 Seconds; bur when hie appears leaſt, Far. 
"he fubtends an Angle only of 31 Minutes and 
40 Seconds, and therefore the S muſt be far- n 
; bg from 5 in Summer than in Winter. flo 
Some Aſtronomers too pertinaciouſfy keeping to] 
Circular Orbits, that they might give mg Ear! 
factory account of theſe Appearances, ſuppoſed 
that the Earth did really move with an equa- © 
ble Motion in the Periphery of a Circle, and * 
that if it were ſeen from the Center 7; = ot 
_ | ; ' irc E, 


SECTOR E S. 83 


Slee ſcribe equa "Y 

has ron 0 by 50 ſang noſed. x4 
e. diſta "re GY 

12 of bo late IV; 

And Imagine I 
be Jn, e eil F rim of the 


5 he Girgſe "SC EE ® 


,. Whoſe Center is 


will appear Aye gar 
0 7 iclipr 7 TI 


cee 1 8 8 
72 of the 0 1 25 , kh wher 
8 Moaxeover quien Big Fa me ir 
s further di 15 1. Nolde e Sup chan when. | 
2 e 1 al itſe 1 5 
t. 


Hon, it ae rom be Cents r to un⸗ 
e . 0 +6 
pl, add in D to be e 74 9 
b. 


the Appare ion of 
tick is en equal 5 "the Ma 
Earth oy om the Sun; and ONE. by this 
Suppoſition we can give an; eaſy 5 10 60 


in our Summer 
ow Motion, ane 1 r. a et 
that rhe unequal |; fon of he 


Earth is not ſo in re 
and Apparent; ariſing he, Kom 88 t 


Sun is not exactly in the Center e 


rtbs 


Orbit in E, but ar, ſome diſtance. from it at &: 
So they affirmed * a e 185 ah { pool 


84 ASTRONOMICAL 

Lecture always Obſerve that rhe Earth had a moſt exact 
VIII. uniform Morion round that Center in its Orbit. 
IIS Hypotheſis appears at firſt ſight to be 
©..." ſimple enough, and to anſwer well the Appear⸗ 
. antes we Have related; and all the ' 4ſtronomer; 
before Kepler embraced it as a true Hypothefir, 
For they held it for an undoubted truth, that 
Al the Motions of the Heavens were axacthy 
Circular, and in themſelves equable: But after 
the Great K?pler had more accurately ſurveyed 
theſe Motions, and relying upon the Obſerva- 
tiohs of the moſt Induſtrious Tycho. Brahe, he 
then found that the Circular Hypotheſis would 
The true by no means anſwer ro the true Motions of 
1 the Planets: And by a moſt certain and infal- 
are geitber Hble Method of reaſoning, he has ſhown that 
in ale, the, Motions of the Planet are neither equable 
ne in themſelves, nor are their Orbits exact Cir- 
cles. For by the Obſervations of Tycho, he has 
proved beyond all diſpute, that the Figure of 
2 Planetary Orbit is an Elipſe, which is defi- 
tiptick or- cient from 'a Circle, or of the form of an 
bits of tbe Oval; and that the Planet Motion in this El- 
5. lipſe is really unequal, ſometimes quicker, and 
ſometimes ſlower; arid that a ing to its 
diſtance from the Sun the Planer flackens or 

„ 0 E275 
NOW the zlipfis is a curved Line Figure, 
Plate Iv. Which the Geometers commonly ſhew by cutting 
11 4... 2 Cone or à Cylinder * on But its nature 
ſcription of will be more clearly apprehended by beginners, 
an Elipſe. from the following Deſcription. Imagine two 
5 ſmall round Sticks to be faſtned in any Plane 
or Paper, one in the Point H, the other in the 
Point G; and ſuppoſe a Thread doubled with 
the two ends tyed together, whoſe length muſt 
be greater than the diſtance of the Points G 
and H, which Thread put over the two round 
Sticks: And let there be 4 Pen put in the 
doubling of the Thread, which may keep it 
always ſtrerched with the ſame force, This Pen 
Boing in this manner round will deſcribe by 
Ir 


its Motion 3 FE Line, which is he 2171 


EE CTURES., 
we now ſpeak Wirhout al VIII. 
ging the length of the "Thi ad, we ſhould bring 2 
che round Sticks 4 little cloſer together, we 
mall then have another "Ellipſe of a different 

kind from the former, aud which will come 

nearer to a Circle: And by bringing them 5 

nearer, ' we ſhall always change the Form of 0 

Ellipſe, and bring it nearer to a Circle, .. —_ 
the Sticks come to be joined together in one; 

and then the Pen in the doubling of the Thread 

will deſcribe an exact Circle. Either of tze 
Potnts G or H is called the Focus or Navil of be yocus 
the Ellipfis, and if we biſect H G in C, the er Umbili- 
Point C is called irs Center; the Line DK pa. 9m" 
fing thro each Focus, and at each end meeting 
with the Ellipſe, is called irs Axis: Hence it is 
evident, that if from any Point of the Ellipſis, 

there be drawn to the two Focus s, as for Exam- 

le from B, two Lines BH and BG, theſe two 

2 joined togerher will always be equal to the 

Axis of the Ellipfis, and likewife equal to the 

length of the Thread, bating the Diſtance of the 


two Focus's. 


NOW tho' this be the Fon of the Orbir The Avis! | 


which the , Planets deſcribe, yet the Place of the 
Sun is not the Center of 1 it, but he takes his Reſi- 
dence in one of the Focus s: And the Axis of the 
Ellipſe AP, is called the Line of the Apfides ; the Plate Iv. 
Point A is termed the higher Apfis, and the Aphe- Fig. bicb- 
lim; the Point P is called rhe lower Apſit, and er apſis or 
the Peribelion : And SC the Diſtai nce berween the * 
Sun in the Focus and the Center, is called the apiicor pe- 
Exaentricity. If from the Center C, there be ribel on. 
erected upon the Axis the perpendicular CE, Wer 
meeting with the Orbit in E, and there be draw 

from the Focus the Line SE; this Line is called Th Mean 
the Mean Di ſtance of the Planet from the Sun, Diltance. 
which is equal to half the Axis; it exceeding th 
ſhorreſt Diſtance a as 22 as che e Dy 


e it. A an 


A 


11 


oy $4321 £3 16 IN 
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eb die 


. IN the Planets ry Orbits, the Fotms of th 
. Ellipſes do not differ much from Circles; and in 
We Orbit ag lach e Earth, the centticity SC is 
only 17 of fuch parts as SF the Mean Diſtance 
1 ſts a. 100, which Fresdtiet is bu 
alf of that which the Aſtronomers that ſup Ng 
ircular | dirs, attributed to the Diſtance o the 

Siu from the Center, 
, The Rule IHE Motion of a Planer 11 the Periphery o 
— an Ellipſe, is not at all equable; y 7er, it is regulate 
tions are r- by 4 certain immurable La bel from which it 
2 1 „ never deviates; Which is, that a Line of Rey 
q rien drawn from the : Center of the. . to the Center 
= the Planet, which is carrie bout with an 
2 ngular Mor Y 


bes, ſo 5 moye, that it deſcti 
weeps an 15 tick Area, always 1 4 
1 18 imèe. 3 let the Planet in 
Funn whence in a. certain Time let it go to B; 
the Space or Area the Ray S4 deſcribes is 
the Triline AS B. When aftcrwards the Plantt 
comes to P, and from the Center of the Sun 8, 
there be drawn, the Line SD, ſo that the Elli 5 
tick Space or Area SD; may be equal to t 
Area AS B; then in that Caſe, the Planet will 
move thro the Arch PD, in the ſame. * 
of time that ir did thro' the Arch AB, which 
Arches muſt be unequal, and nearly in a reciprocal 
— to their Diſtances from the Sun; for 
N of rhe equal Area's, the Arch PD muſt 
be ſo much in proportion greater than the Arch 
B, as SA is greater than SP. This Law is 
ufficiently demonſtrared by the moſt Sagacious 
Kepler, in his Book which he entituled, Commen- 
zaries on the Motion of the Planet Mars. And un- 
to this his Invention all the Aſtronomers do now 
give their Aſſent; for there is no other Rule to be 
found, which ſo well ſatisfies all the Appearan- 
ces of the Planet: Motions. 
The Mean, AN Arch of a Circle, or an Angle, or the 
Anomaly, Elliptick Area ASG, taken proportional to the 
Time in which the Planet deſcends from A to G, 
2s Called the Mean Anomaly of the Planet. Bur 
| „ She5-> 3 + , t 
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„ I NTDer ure 
the the Angle ASG when che Planet comes from A Lefty 
ain if to G, is called irs True Anomaly. But when the VI] 
- is If Motion of the Planer is reckoned from the vernal 
nee laterſection of the Equator and rhe Ecliptick, 7 
bur or from che beginning of V, ir is called its Motion Tbe his. 
"ed , Longitude; which is either a Mean Motion, tien in Loa- 
the ſuch as the Planet would have, did it move uni- Situde. 
formly in a Circle round the dun, or elſe the true 


re 


4 orion wherewirth the Planet deſcribes its Or- 
ted it, and is reckoned by the Arch of the Eelip- 

it dick it is ſeen to deſcribe; which true Motion 
ay is ſomerimes accelerated, and ſometimes retar- 


fed, according to the Diftance of the Planet 

from the Sun, in the various Points of its Orbit. 

B V this means, for any given Time after that xg, ufer 
the Planet has left its Aphelion, we find out its Place mination of 
in its Orbit, viz. Let the Area of the Ellipſe be ſo x Maven! 
divided by the Line S G, that the whole Elliptick or. 


> 


PR 2B RS, 


is Area may have the ſame proportion to the Area 
s, as the whole Periodical time wherein the 

§, Planet deſcribes its Orbit, is to the Time given; 

A and then G will be the Place of the Plauet in 

. its Orbit. The Geometer have given fevergl 

: Methods for dividing in this manner the Area of 

6 IF an Ellipſe, fome of which we will ſue w in its 
proper Place. | rote 

"Y i SINCE in our: Summer we are further from Wby the 
Ir The” Jun, and when Winter comes on we begin F. 
| to approach him; ſome may wonder why the be i fur:ber 
n Barth grows warmer while it is {till further re. 9” . 

1 moying from the Sun; and again in the Winter 
why it ſnould be colder notwithſtanding its nearer 

„a cceſs to him. But we muſt obſerve that the 
degrees of Heat and Cold do not alrogether de- 

f pend upon the Diſtances from the Sun, bat there 

, are other powerful and concurring Cauſes, . which 

; have certain effects in this matter: For firſt of 


all, the direct force of the Suns Razs' is much 
ſtronger than when they are received; obliquely: 
Now in the Winter the Rays fall upon the Earth 
very obliquely, and their Power is not only dimi- 
'niſhed on the account of their obliqueneſs, bur 
mY T4 | alta 
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Lecture alſo becauſe the Light is not ſo denſe, there being 


1 


much fewer rays which can come to a certain Por- 
tion of the Surface ro Heat it. Moreover the Sus 


D 
* 


being low in the Horizon all the Winter, the 


Beams paſs thro a much greater quantity of Air, 
or are deeper immerſed in our Atmoſphere in 
the Winter, than they are in Summer, when the 
Sun approaches nearer to our Vertex, and the 
Force of the Rays is broke by the Reflections on 
Jo many Particles of Air: And the difference is ſo 
very great, that when the Sun is in the Horizon, 
we can look upon him without hurting our Eyes; 
but when he Riſes higher, there is no enduring 
his fight without blinding us. 


. 


The Days BUT there is another very powerful Cauſe 
. which produces the variety of Seaſons, which is, 


that the longer any hard and ſolid Body is ex- 
poſed to the Fire, the Hotter it grows. Now in 
the Summer for ſixteen Hours we are continually 
in the Suns heat, and we have only eight Hours 
in the Night to cool: The contrary of which 
happens in the Winter, and therefore it can be no 
Wonder that there ſhould be ſo great a difference 
of Heat and Cold, in theſe two Seaſons. * 
SINCE the Power of the Sun is greateſt 
when his Rays fall upon us moſt directly, and 
when the Days are longeſt; it would ſeem that 
the greateſt Heat ought to be when the Sun en- 
ters the Tropick of S, for then the Sun comes 
© --neareſt to our Vertex, and lieth longeſt upon us. 
But Experience ſhews us, that we have the great- 
'elt Hear after that the Sun has left the Tropick ; 
and the Seaſon becomes warmeſt about the end 
of Fuly, in the Dog-Days, when the Sun has 
paſſed the Tropick, and is removed from it above 
a whole Sign. re rior 5g ga f $7 
THAT we may give the true Cauſe of this 
effect, it is to be obſerved, that the Action of the 
Sun by which all Bodies are heated, is nor tran- 
fient, as its Illumination is, bur permanent : So 
that a Body which has been once heared by the Sun, 
retains its Hear for ſometime after the Sun has 
| | gone 


4 
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zone off it: So that the heating Particles which LeRure | 
— the Sun, and are abſorbed by the hear- VIII 
ed Body, do for a certain time remain within iN 
and do therein raiſe a warmth or Heat. But 
aſterwards when theſe Particles fly off, or looſe 

their Force, the Body begins to cool: And there- 

fore, if the heating Particles which are conſtantly 

received be more than they which flie away or 

looſe their Force, rhe Hear of the Body muſt h the 
continually encreaſe. And this is our preſent Caſe: — 2221 
After the Sun has entred the Tropick, the number when tbe ? 
of Particles which Hear our Armoſphere and vun iar be 
Barth, does conſtantly encreaſe, there entering Tropick. 
more in the Day time than what we looſe in the + + 
Night time, and therefore our Heat muſt grow 
greater. Let us ſuppoſe for Examples fake, that 
there are a Hundred heating Parricles received 
in the Day time in Sun ſhine, and the Night 
being much ſhorter, there ſhould fly off only 
fifty of them, other fifty ſtill remaining there ro 
excite Hear: The next Day the Sun acting with 
almoſt the ſame Force, will imparr another Hun- 
fred Particles, of which no more than one half 
will fly away in the Night; fo that on the 
beginning of the third Day, the number of Par- 
ticles exciting Hear will be encreaſed by one 
Hundred: And thus while there are more Par- 
ticles that excite Hear received in the Day time, 
than what fly away in the Night, the Heat will 
conſtantly grow ſtronger, But then as the Days 
decreaſe, and the Action of the Sun becomes 
weaker, there will at laſt be more Particles that 
fly away in the Night time, than what we re- 
ceive in the Day time; by which means the 
Heat of a Body will grow every Day leſs, and 
the Earth and Air will by degrees Cool. ; 


<4 RE 


. The Moon 
rs an Atten- 


* 


ASTRONOMICAL 


107 


* | E "9th 
of L be Moon \ its Phaſes | and Matin 


8 F all the Bodies in the Heavens, If 

O vou except the Sun, the Moon appears 
deut to. be ide won Splendid oy 
b 


Die ſhining Globe, and does more 
culatly belong to our Earth, of which 


- * » 


an inſeparable Companion. And ſhe does con. 


5 ſtantly abide ſo much in our Neighbourhood, 


chat if ſhe were looked at from the Sun, ſhe could 
never be ſeen to depart from us by an Arch 
greater than ten Minutes: She therefore is ryed 
to the Earth, and waits upon her as an Atten- 
dant, going along with the Earth round the 
San in the ſpace of a Year; bur in the mean 


time ſhe has a proper Orbit of ber own which 
me deſcribes round the Earth, in the time of 


a Month. 


II bas - THE Primary Planets have the Sun, which 


vious ſhapes 


and Phaſes, 


they regard as a Center, for the Regulator of 
their Motions ; and ſometimes they approach us 
nearly, at other times they move away to a 
great Diſtance from us. But the Moon like aq 


 Earthly Body is kept in our Neighbourhood by 


a Natural Propenſion or Gravity towards us; 
by the means of which it is conſtantly turned 
out of a rectilinear Courſe, and is obliged 
to perform its Revolution round about us, 
in the ſpace of 27 Days and ſeven Hours. 
The Moon puts on ſeveral Phaſes or Appear- 
ances, and is always changing its Figure; and 
with the multitude of her, Forms ſhe has fre- 
quently puzled the Minds and Underſtandings 
of thoſe Philoſophers, who have moſt Con 
„ plate 
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area ber: Sometimes ſhe encreaſes and gtows big- Leckure 
er, then fhie again wanes, and diminiſhes as it 7 9 
ere in old Age; ſometimes ſhe is bended into 
in, and then again ſhe appears like a half 0 
Circle; at other times ſhe looks Gibbous or Hump- | 
backed, and itniritdiately ſhe affiimes à full 

globulat Face; and afterwards by degrees flie 
dilappears and loſes all her Luſtre; ſometimes 

ſhe inlighrens us the whole Night, at other times 

ſhe does not appear till late at Night: And 

eren in a Total Eclipſe ſhe is frequently vifi- 

ble, tho' with a very languid and pale Counte- 

nande; ſometimes ſhe keeps in the Southern Re- 

jon of the Heavens; at other times, ſhe ri- 

15 high, and viſits the Northern Hemiſphete. 

All theſe Things were firſt found ont by Endymibn 

among the Greeks, who was the firſt among them 

who watched her Motions, and upön that 

Account was ſuppoſed ro have fallen in Love 
_— | „„ 

THE Moon, like the Earth, is a Dark, O-; * 
pake, and Spherical Body; and only ſnines cal Opoke 
with the borrowed Light of the Sun: For it Bech. 
is the Sun who is the great Luminary iti our 
Syſtem, and who always Illuſtrares that half of 
the Moon's Body, which is turned towards him; 

; whilſt rhe other half which is oppoſire, is in- 
f volved in Darkneſs: But the Face of the Moon, 
5 
b 
| 


- 


— 
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that can be ſeen by the Inhabitants of the Earth 4 
is that which is turned toward the Earth: And | 
therefore according to the various Poſition of the 

Moon, in reſpect of the Sun and Earth, we 

do. obſerve different Illuminations and degrees 

of Illuſtration ; ar one time a larger, at another 

a leſſer Portion of the illuminated Surface is to 

be ſeen; ſometimes there is no Part of it viſi- 

ble, and ſometimes we obſerve the whole, and 

ſee the Moon with her Full Face. But for the 

better underſtanding of this matter, we will ex- 

Plain it by a Figure. Let S repreſent the Sun, Plate v. 
T the Earth, RTS a Portion of the Earth's Fig. 1, 2. 
Or bit, which it deſcribes in its Annual *. 

wad ID roun 


5 ASTRONOMICAL 
Lecture round the Sun. Let AB CDE FG be the 0 
IX. bit of the Moon, in which ſhe turns round the 
WY Earth in the ſpace of a Month, from the 1;f 
_ towards the Eaſt. „5 
the Moon THIS Motion of the Moon is evident tg 
From Weſt our Senſes $ for if the Moon be obſerved tO At. 
wal, ive at the Meridian any Night with a fixed 
Star, the next Night ſhe will be 52 Minutes 
later in coming ro the Meridian or in Southing, 
than the Star, ſhe having receded from the 

Star about 13 Degrees towards the Eaſt. Join 

the Centers of the Sun and Moon with the 
right Line SL, and thro the Center of the Mn 

_ TheCirc!e imagine a Plane M LN to paſs, to which the Ling 
zn the Moon S L. is Perpendicular : The Section of that Plane 
Light nd With the Surface of rhe Moon, will produce the 
Darkneſs. Circle which bounds Light and Darkneſs in her; 
and ſeparates the inlighrned Face from the Dark: 
and obſcure fide. In the ſame manner let the Cen- 
ters of the Earth and Moon be joined by the 
right Line TL, which is Perpendicular to 4 
Plane PLO paſſing thro' the Center of 
Moon; that Plane will make on the Surface df hin 
the Moon, the Circle which diſtinguiſneth the vi- W parc 

fible Hemiſphere, or that which is towards us, Wl we 
from the inviſible which is turned from us; which, Wi 7 jo! 
FRE Circle may therefore be termed the Circle of Ji doth 
| ion. Pap N 
The 1 HENCE it is manifeſt that, whenever the he's 
ſes of the Moen is in the Poſition A, in the Point of its Or. ſnev 
. bir oppoſite ro the Sun, that then the Circle but 
bounding Light and Darkneſs, and the Circle of W gy: 
Viſion do coincide; and that all the illuminated WF ſne 

Face of the Moon will be turned towards the Fun 
Earth, and be viſible by its Inhabitants : And WJ Ecli 
then the Maon is ſaid to be Full, and ſhe Shines Wh. 
all Night long; and in reſpect to the Sun ſhe. 1s aſſut 

ſaid to be in Oppoſition: For the Sun and Moon the 
are ſeen in oppoſite Parts of the Heavens, the ſo 1 
one riſing when the other Setts. When the cha 

Moon comes to B, the whole illuminated Disk the 
MPN is not turned towards the Earth, ther, W a 9 
| 144248 5 4 * being pear 


ing 1 Parr of it MP not to be ſeen by Lea 
and then the Vi/ible Illumination will he de- IX. 


us; 


= 


ſciem from'a Circle, and the Moon will have a gib- 
ate WW boos or Humped Form, ſuch as is marked in B. The Gib- 
ied WW The Moon arriving at C, where the Angle C T S 59% figure, 
ne is nearly right, there only one half of the illunns 
"7, minared Disk is turned towards the Earth, and 

tne io be ſeen from thence; and then we obſerve a | 
loin Wi H Moon as in C, and ſne is ſaid then to be mutfMoce; 
the Bi B5/efed or Dicbotomixed, that is cut in © halfs. or the Moon 


In this Situation the Sun and Moon are a fourth 244. 
of a Circle removed from each other, and 

the Moon is ſaid to be in a Quadrate Aſpect, or The Qua- 
w be in her Quadrature. The Moon going for- drature. 
ward to D, the illuminated Face MN, has but a 

ſmall Portion of its ſelf turned towards the Earth, 

and the ſide of the Moon turned towards the Earth 

is for the greateſt part in Darkneſs: And there- 

fore of the Spherical figure of the Moon which 

appears to us to be Plane, that ſmall Part which 

ſhines upon us will ſeem to be bended into 

narrow Points or Angles, and will look like whar 

we call Horns; for there the Circle bounding 

Light and Darkneſs with the Circle of Vifion, 

doth form two ſmall Angles at their Interſections, 

and the Pbaſis ſeen from the Earth will appear 

as in D. The Moon at laſt coming to E, will 

ſnew no part of its illuminated Face to the Earth, 

but all rhe dark ſide of the Moon will be turned NewMoon, 
towards it; and then the Moon diſappears, and — 
the is ſaid ro be in Conjunction with the Sun, the 

Sun and ſhe being in the ſame Point of the 
Ecliptick. This Poſition we call New Moon. 

When the Moon advances further to F, ſhe again 

aſſumes a Horned or Crooked Figure; and as before 

the New Moon the Horns were turned Weſtward, 

ſo now after the time of New Moon, they 

change their Poſitions and look Eaſtward. When 

the Moon has preceeded to G, and is again in 

a Quadrate Aſpect with the Sun, ſhe will ap- 

pear Biſected, and like a Half, Moon. In H 
the will be bigger, but will ftill- be deficient 
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from a whole Circle, and be ſeen CHO | 
ut 
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But in A me will a appear 
EVITE again appear Circular, 2 
THE Arch EL, or the Angle STL, - £9 
22 under Lines drawn from the Centers of 
"Moon f n and Maas to the Center of the Earth, *. 


n Elovgation of the Moon from the Sun, A 
Arch MO, which is that Portion of 
pated Circle MO N which is, turne rod 
the Earth, and which is the Meaſure of dhe 45. 
gle that the Circle mai — and Darkne 
and the Circle of Viſion make with one angie 
is every where nearly ſimilar to the Arch, 4 
Elongation E L, or, which is the fame 
the Angle S T L is nearly equal to the Any 
_ O, which I thus demonſtrate. Produce. 
eafure unto X, and the Angles T LP and 
Mis will be equal, they being both Right 
Angles: But N Angles OLS wy PLXar 
alſo equal, becauſe they are Vertical to each. 
cher; therefore raking away thoſe equal Angle, 
the Angle MLO will remain equal to the n. 
gle TLX; but the Angle T LX is rhe exter, 
nal Angle of the Triangle 8 T L, and is there- 
fore equal to both the inward and oppokie 
— STL and TS L, by the 32d . 
of Book I of Euclid. But 1. — Angle Fa 
exceeding ſmall and next ro nothing; for 
biggeſt, in the Quadratures it does ſcarce cp 
ten Minutes of a Degree; the Diſtance of the Maw 
from the Earth in compariſon of that of the Sus 
being ſo. ſmall, that the Angle which it ſubtends 
at the Sun vaniſhes. And therefore the 
gle STL by ir ſelf, is nearly equal to the 
Angle MLO ; whence the Arch MO will he 
Lmilar or like to the Arch EI. 
| THE Semicircle OMP, fince its Plane paſſe 
thro' the Eye, will be projected into a R 


| ; Line, or appear like a Right Line on the Disk 
of the Moon; bur the Circle bounding Light 
and Darkneſs 1 in the Moon, ſince it is ſeen Oblique- 

Iv. from the Earth, will be projected into an 

Ellipſe, in which Form it will 3 Fa 

v10g 


* 


„ cen 95 
aving the Elongation of the Moon from the Lecture 
E will be an eaſie matter to ſhew its Pha- IX. 


— 


_ 


BY making LP the Radius, LF becomes The Guo 10 
| from tity | 
the Fm; PF in that caſe muſt be the Verſed . 


Sine of the ſaid Elongation; and BFC (the 
Line which divides rhe illuminated and dark 
Parts of the Disk) will be an Ellipſe, whoſe 
greater Axis is the Diameter of the Disk BC, 
and half the leſſer Axis is the Semidiameter 
of the ſame Disk, diminiſhed by the Verſed Sine 
of the Elongation. Suppoſe now that OBPC 
were the Disk of the Moon turned towards the 
Earth, and BF C the Semi-Ellipſe dividing Light 
and Shadow ; Draw any Line GH N parallel 

to the leſſer Axis, and which meets with che 

greater Axis in M, by the Nature of the Circle 

and the Ellipſe, LP will be ro LF as CM is 

to MH; and by Diviſion of Ratio, L is ro 

PF as GM is co HG; and doubling of the 

Antecedents, PO will be to PF as GN is to 
GH. The ſame thing may be ſhewen of any 
other Line which is Parallel to the leſter Axis, 
and theretore by the 12th Prop. Book V. Of 
Euclid, as PO is to PF fo will all the Lines 
GN be to all the Lines GH. Bur all the Lines 
GN compoſe or make up the whole Lunar Disk, 
it conſiſting of an infinite number of Parallelo- 
grams, whoſe Heights are the Lines G N,. 
511 . an 
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| De and whoſe Baſes are indefinitely little: So likewif 


all rhe Lines GH make up chat part of - the 


* Disk which is illuminated. 


AND. therefore as PO is to PE, has 
the Diameter of a Circle, is to the verſed Sine 
of the Moon's Elongation from the Sun; ſo is the 
whole Disk of the Moon, to that part of it which 
is illuminated by the Sun. And hence the Ila. 


ſtration of the Moon at any time, is to its 


eſt Illuſtration, which is at Full Moon, as the 
verſed Sine of the Elongation, 1s to the Dix 


meter of a Circle. 


— AS the Moon by reflected Light from the 


” 


the Surface of the Moon, 


—— Sun illuminates the Earth, ſo the Barth dg 
2 Reflex more than repay her kindneſs, in enlightning 


by the Sun's reflex 
Light, which ſhe diffuſes more abundantly upon 


the Moon, than the Moon does upon us: For the 
Surface of the Earth is above fifteen times 17 
both 


er than that of the Moon; and therefore 1 

Bodies have the ſame power in Reflecting in 
proportion to their bigneſs, rhe Earth would 
ſend back fifreen times more Light to the Mom 
than it receives from ir. For the Earth appear 
fifreen times bigger to the Inhabitants of the Mom, 
than the Moon does to us. In new Moons the 
Illuftrated fide of the Earth, is fully turned to- 
wards the Moon, and will therefore at that time 


illuminate the dark ſide of the Moon; aud then 


the Lunari ans will have a Full Earth, as we ina 
ſimilar Pofition have a Full Moon. And from 
rhence ariſes that dim Light which is obſerved 


in the Old and New Moons, whereby beſides the 


bright and ſhining Horns, we can perceive the 


reſt of her Body behind them, tho' but dark 
and obſcure. Now when the Moon comes to be 
in Oppoſi ſeion to the Sun, the Earth ſeen from the 


Moon will appear in Conjunction with him, and 
its dark fide will be turned towards the Nom, 


in which Poſition the Earth will diſappear; after 


the ſame manner as the Moon does diſappear to us 


in n the time of New Moen, or her in Conßunction _ 
e 


Mop! 


A TY 


* 
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LECTURES. 


Jobabirants of rhe Moor in à Horned Form. 


pearances to the Inhabitants of, the Moon a8 
Moon does to us. 


"ALTH O. che. Moon circulating round the 
Earth deſcribes its Orbit in the Space of 27 
Days and ſeven Hours, which ſpace of Tit 
is called a Periodical Month; yet the time rhe © 
Moon takes to , g0- from one onjun ion tq t 


tion, is greater than the Periedieal. For whi 

the Moon in its pr aj ad Orbit finiſhes its 

the Earth, with thi 

bit, are — on their way round the e, | 

are advanced almoſt a whole, Sign towards the 
; ſo that the Point of the Orbit which in the 

mmer Poſition was Lig laced in a Right Line join- 

ing the Centers of the Earth and Sun, is now 


the Moon has again arrived to that Point, it will 
not yer be ſeen in Conjunction with the Sun. 

E OR ler AB repreſent a Portion of the Or- 
lit of the Earth, and when the Earth is in 
ſuppoſe the Moon 0 L Cy amine + Wit 
- Sun in S: while the Moon leaves the Point 
L and proceeds in deſcribing its Orbit LACD 
the Earth in the mean time by its Motion roun 
the Sun, is carried in the Arch Te, and when 
it is come to t, the Orbit of the Moon is in the 


will now be in the Line J, which 1 is Parallel to 


whole Orbit, that it is not then arrived at a Con- 
junction with the Sun, but it muſt ſtill go further 


between the Earth and Sun: And ſince the Moon 
",W finiſhes her Courſe in the ſpace of 27 Days, in 
er that time the Earth will have compleated an Arc 
of 27 Degrees in the Ecliptick; now the Arc 1 


th tad. Tt are alike or fimilar, becauſe the Lines 
{3 We H LI. 


4 Word the Earth will ſhew all the the ſame A 4 | IX 
L 


bert, which is a Synodical Month or a Lungs 


e and its Or. 
and 


more Fefterly than the Sun: And therefore when 


Pofirion 1 a:c d, and the Point of the Orbit L 


the former Line TL: Hence it is plain, that 
when the Moon has come to J, and deſcribed its 


and move thro the Arch IM, before it can get 
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Lecture L T, and Ie, being Parallel, the Angles I? M aid 
IX. LSM are equal. Bat indeed it is required that 
the Moon ſhould deſcribe a greater Arch than 
b M, before it gets between us and the Sun, be: 
cauſe the Earth is ſtill moving on in the mean”? 

time: And therefore the whole Luna jon, or time 
from New Moon to New Moon, is not finiſhed but 
in the ſpace of 29 Days and a half; And the 
Moon does every Day recede from the Sun, about 

The diur- 12 Degrees and ſome odd Minutes, which is 
na! lation called the diurnal Motion of the Moon from the 


with the Plane of the Ecliprick, that is, if te 
Earth and Moon moved both in the ſame Plane, 
the way of the Moon in the Heavens ſeen from 
the Earth, would be exactly the ſame with the 
Circle the Sun is ſeen to deſcribe 5 only rhe Suit ? 
would be obſerved to deſcribe that Circle in the 
ſpace of a Year, which the Moon does in 4 
Month. Now in reality the Plane in which lies 
the Moon's Orbit, is not coincidenr with the 
Plane of the Ecliprick : bur theſe two Planes 
cut one another in a Right Line, which paſſes 
thro' the Center of the Earth; and they are in- 
clined ro one another in an Angle of t five 
Degrees. VVV 
plate v. LET AB be a Portion of the Earth's Orbir, 
| Fig. 7. T the Earth, and let the Circle CE D F repreſent 
| the Orbit of the Moon, in which is the Center of 
| the Earth: with the ſame Center T, in the Plane 
The Moon of the Ecliptick, let there be deſcribed another 
2 enge Circle CG D H, whoſe Semidiameter may be equal 
 &liptich, to the Semidiameter of the Moon's Orbit; theſe 
| two Circles being in different Planes, and having 
the ſame Center T, will interſect each other in a 
Line DC, which paſſes thro' the Center of rhe 
Earth; and CED, one half of the Orbit of the 
Moon, will riſe above the Plane of the Circle 
CGH, towards the North, The other half of 
the Orbit DFC will be depreſſed below it, to- 
wards the South, The Right Line DC wor 

2 | L 


TY | has 
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16 two Circles cut one another, is called the Lecture 
Line of the Nodes; and the Points of the An- IX. 

oles C and D are called the”':Nodes. And the 

Node C, where the Moon aſcends  Northward The Line 
above the Plane of the Ecliprick, is called the“ „ 
ending Node, and the Head of the Dragon, andrending 

is thus Marked . The other D, from whence Node, or the 


* * 


the Moon deſcends to the -South, is named thera- : 
Deſcending Node, and the Tail of the Dragon, The be- 
which by the Aſtronomers is marked in this man-/cending ihe 
er V. If the Line of the Nodes were immove-Dragou's 
able, that is if it had no other Motion than L. / 
hat whereby it is carried round the Sun, it | 

would always look to the ſame Point of the 
Ecliprick ; that is, it would always keep Pa- 
rallel to it ſelf, as we ſhewed the Axis of the 

nb ought to do: But we find by Obſervation 

hat this Line of the Nodes does conſtantly change 
its Place, and ſhifts its Situation from Eaſt to 
Weſt, contrary to the Order of the Signs; and 
y a Retrograde Motion finiſhes its Circula- The Retre- 
tion in the compaſs of almoſt 19 Years: After f. or ihe 
hich time either of the Nodes having reced- Nodes. 
d from any Point of the Ecliptick, 17 75 8 


he ſame again. And when the Moon is in the 
Node, ſhe is alſo ſeen in the Ecliptick; . . | | 
HENCE it is evident, that the Moon can 


yer be obſerved. preciſely in the Ecliprick, but 

ice in every Period, that is when ſhe enters 

he Nodes; when ſhe is in any other place of her 

Orbit, ſne deviates from it, and is ſometimes near- 

r, ſometimes further removed from the Eclip- - 
ick, according as ſhe happens to be nearer, or 

ucther off from the Nodes: But ſhe is at her 

rreateſt Diſtance from the Nodes, when ſhe is | 
n the Points of her Orbit E or F, which are SY 
ie middle Points between the Nodes; and © + 
beſe Points are called the Limits. The Diſtance vbe Limits. 
ff the Moon from the Ecliptick is called her La. The Mooo's 

tude, which is meaſured by an Arch of a Cir- Latitude. 

le drawn thro' the Moon, Perpendicular to the 
Ecliprick ; the Arch of this Circle intercepred 

H 2 between 
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Lecture , berween the Moot and the Ecliptick, meaſur 


X rhe: Moon's Latitude, or her. Diſtance; from the 


| wy Ecliptick: And therefore ſuch, Circles perpendy 
| _ calar.ro the Ecliptick, are called Ciecls* 
i "**:; Hitadez. the Latitude of the Moon when it is y 
| | | I .» the: biggeſt; as in E or F, does never exceed fie 
Ip | Won add About eighreen Minutes, which 

8 is the Meaſure 5 che "Ry ar th 
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«© FEY" nr I, 1. 


A . B e p SERVATIONS have gif 
an * 80 55 vered to us that the Diſtanck 0 


the Moon from the Earth de 

D conſtancy change; ſomerimes th 

2 25 PRE Moon comes nearer to. us, ſome 

times goes further from us; thi 

reaſon of which is becauſe rhe Moon does nc 

| move in a circular Orbit, which has the 12 
15 its Center: But the real Orbit of the M 


= 5 in the Ago ABPD, one of whoſe Fycus's f 


| _R | "7 1s called the Peri fem Vin which the Mo 
comes neareſt the Earth. And if the Orbirof dt 
+ Moon had no other Motion beſides that when 


with ir is carried round the Sun, it would 
( 


OSS Sas rare ester sz 2 


the Earth and Sun (which may be either in her 


7 TEES 


4 ' 8 I 
ways rerain” a Poſition lel to it ſelf, and Lectuee 
would always point the ſame way, and be ob- 
ſerved in the ſame Point of the Ecligick; and a. 
whenever > the Moon came to that Point, it 
would conſtantly be at the ſame Diſtance from 
us: But this Line of the Agſides is likawiſe ob- | 
ſerved: to be moveable, and to have au Angular 
Motion round the Eurth from the #eft' towards the 


Bat, according to the Order of Signs, ſa tha, 


ir does not return to the ſame Situation, ci 


after the ſpace of almoſt nine ears. N r 
THE Mottons of the Moon, and that of her ne e 


Orbit, do not obſerve the ſame Inequalities. For —_— 
firſt, when the Earth is in her Aphelion, at the ofibe e & 


e Diſtance from the Sun, the Moon being 
0 


likewiſe, the Moon does ſomewhat quicken 
her pace, and performs: her Circulation in Jeſs 
time. On the contrary, when the Earth ap- 
roaches nigheſt to the Sun in the Peribelion, 
the Moon is likewiſe nearer, and then ſhe ſlackens 
her Motion: Upon which Account it is that the 


Moon revolves about the Earth in ſhorter time 


when the Earth is in her Aphelion, than when ſne 
is in her Perihelion; ſo that the Periodioaall 
Months are not all equal. nate rr. Mn 
"\ Secondly, When the Moon is in the Syzy21a, Syzygia, L 
that is, in the Line which joins the Centers of 


Oppoſition or Conjunction) all other things being 
alike, ſhe has a ſwifter Motion raund the Earth: 
But in the Quadratures ſhe goes flower 
Thiraly, Aecording to the different Diſtance of 
the Moon from the Syzygia, that is from Oppoſi- 
tion or Conjunction, ſhe changes her Motion; 
and in the firſt Quarter of her Motion, that is 
from Conjunction ro her firſt Quadrature, ſne 
loſes ſomerhing of her ſwiftneſt; in ber ſecond 
Quarter, from the Quadrature to ker Oppoſition, _ 
ſhe encreaſes 'in Velocity: In her third Quarter 
from Oppoſition to the laſt Quadrature, ſhea» 
gain loſes of her Motion; and from that Qua- 


| drature, ro the | Con junction, ſne again recovers 
91 1 2 -N H * an 
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Ledure her ſwiftneſs. This Inequality in the Moon's Mg: 


X. tions was firſt diſcovered by the Noble Deb. 

82 who called it the Moon s Variation. 
8 — vari- Fourthiy, The Mon moves in an Ellipſe, 
a whoſe Focus is in the Center of the Earth, und 
about which ſhe deſcribes Area's proportional 
to the Times, as the Primary Planets do round 
the Sun; whence the Motion of the Moon muſt be 
0 quickeſt in the Perigoon, and Lowell in - the 

. Apogeon. 

The orbit Fifebly, The very Orbit of the Moon is change: 
rhe M901, able, and does not always keep the ſame Figure; 


of 
and its Ex- 
centricity but its Excentricity does now and then grow 


| changeable, greater, and now and then it diminiſhes: And 


it is greareſt when the Line of the Apſides is coin» 


cident with the Syz2g:a, or is in the Line which 


joins the Centers of the Sun and Earth: And 

the Excentricity is the leaſt when the Line of 
the Apfides cuts the other at Right - Angles; 
The difference between the greareſt and leaft 
Excentricity is ſo conſiderable, that it exceeds 
the half of the leaſt Excentricity. 


| The Apo- Sixthly, The very Apogeon of the Moon has 


geon bas an 
 Imequable an unequal Motion, and ſometimes moves forward, 


dualen. and ſometimes backwards: when it is coinci- 
dent with the Sv al Line, its Motion is for- 
ward; but when it cuts that Line ar Right An- 
gles, its Motion is backwards, and its progreſs, 


and regreſs are no ways equal. But when the 


Moon is in her Quadratures with the Sun, the Apo- 


geon goes but lowly forward, or even may ſtand 


ſtill, or go backwards. But when the Moon 
comes to be Oppoſite or conjoined to the Sun, 
the Apogeon has a quick Motion forward. 
Seventhly, The Motion of the Nodes is not at 
all uniform, for when the Line of the Nodes coin- 
eides with the Line of the HYgia, then they 
ſtand ſtill without any Motion; , when they 
cut that Line at Right Angles, they go back- 


wards, or from Eaſt to Naſt with a conſiderably 


quick Motion. The moſt ſagacious Sir ISAAC 


N EWTON was the firſt, and the only Men, 
who 
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Ineqvalities 3 add has demonſtrated that they 


all ariſe according to the Laws of Mechaniſm. & . 5 
from the Theory of Gravitation of Matter to +: | by 


Matter: It is very ſurpriſing that the Moon, which 
of all the Heavenly Bodies is neareſt toi us, 
ſhould be of ſuch difficult Acceis; and that it 
ſhould be fo bard to find out her Ways, and the 
Cauſes of all her Irregularities. | 


THE only. equal Motion of the Aan is The 
thar, wherewith turns round her Axis in gere wni 
the ſame time that ſhe moves round us in her Fer H. 2 


Orbit, from whence it comes to paſs, that ſhe 
always keeps the ſame Face towards us. But 
this very equability in Rotation, is the Cauſe of 
an apparent Inequality; that the Moon appears to 
librate about its 4x5 ſometimes from the Eaſt to 


_ the Weſt, and now and then from the Weſt to the 


Eaſt; and that ſome Parts in the Meſtern Limb 
or Margin of the Moon recede from the Center 
of the Disk, and ſometimes they move towards 
it. Some of theſe Parts which. were before viſt- 
ble, ſet and hide themſelves in the inviſible fide 
of rhe Maon, and afterwards become again con- 
ſpicuous. Such a Motion in the Moon, is called 
her Libration, and it ariſes from the unequal 


Motion of the Moon in the Perimeter of her Libratipn. 


Orbit: For if the Moon moved in a Gircle, 
whoſe Center coincided wich the Center of the 
Earth, and turned round its Axis in the preciſe. 
time of f its Period round the Earth; in that caſe- 
the Plane of the ſame Lunar Meridian would al- 
ways paſs thro the Earth; and the ſame Face of 
the Moon would be conſtantly and exactly turn- 
ed towards us. Bur ſince the real Motion of the 
Moon is in an Elliple, in whoſe Focus is the Earth, 

and the Motion of the Moon, about her Axis is 
equable ; or which is the ſame thing, every Me- 
ridian of the Moon by this Rotation deſcribes 
Angles proportional to the Times, the Plane of 
no one Meridian will conſtantly paſs thro the 


Ha _ FOR 
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FOR let AL be the Orbit of the Moog, 
in whoſe Foeus is the Earth in T, and when the 
Moon is in A, its Meridian M N produced will 


P 
Plate A Paſs ; thro the Earth: And if che Moon only revol- 


in her Orbit, without any Motion round an 


Ae, the ſame Meridian MN would always 


Keep a Poſition parallel to it ſelf; ſo that when 
the Moon comes to L, the Meridian MN would 


be in the Poſition PQ which is parallel ro MN, 
burt on the account of the equable Rotation, the 


' © Meridian 'M N' changes irs Siruarion, and de- 


- . ſcribes Angles proportional to the Limes; ſ 


that in the Periodical time of the Moon's Revolu- 


tion round the Earth, it deſcribes four Rigbt 


Angles; and therefore in I. it will have the 
Poſition m Ln; ſuch that the Angle QI 


ny have — fame proportion to a Right An. 
gle, as the Time the Moon takes to deſcribe 
t 


e Arch AL, has to a fourth part of the Peri- 


odical time. But the time the Moon takes to 


deſeribe the Atet AL, is to the fourth part of 
the Periodical time, as the Area ATL is to the 
Area ACL, that is to 4 part of the Area of the 
Ellipſe: Therefore the Angle QL n will be to a 
Right Angle in the ſame proportion. But the 
Area ATL is greater than the Area ACT, or 
than the fourth part of the Area of the Ellipſe : 

The Angle therefore QLn will be bigger than a 


. Righr, or bigger than QLC; bur QLC is 


bigger than Q LT, wherefore QL N will be much 
bigger than QLT. The Meridian therefore 
MN, whoſe Plane paſſed rthro' the Earth, when 
the Moon was in A, now the Moon is arrived at 
L, does not look towards the Earth: And there- 
fore the Hemiſphere of the Moon which is to- 
wards the Earth, the Moon being at L, is not the 


ſame with that which was towards the Earth 


when the Moon was in A; and thote Parts of the 
Moon's Surface beyond Q, will come under Ob- 


ſervation,” which before, when the Moon was in A, 


were not to be ſeen, being in the fide of the 
Mooy quite oppoſite ro us. But as ſoon as the 
; Moon 
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Auen attives ar her Perigeon'P, then chen the Veri 
dian MN has deſetibed in its Rotation 4 Semi- 
circle; and then again its Plane paſſes thro the Barth, * 
and the former Point N will be directiy towards ns, 
and be in the Center af the Disk. Hence it is 
evident that this Librasion of the Mor ig reſto- 
ted twite in each Period of the Moon, that is 
when: ſne comes to her Apogeon and Perſgent. 5 

-1 F the Surface of the Moon were Tmoorhs and 7 gur 
poliſhed like a Looking Glaſs, it would not then face of the 
reflect Light upon alf ſides and ever? way 3 
bur ir would ſhew eus only in ſqine Poitions wuntanous 
the Image of the Sun, no bigger than a Point, 
bur with an immenſe TLuſtre. But as it all our 
Earthly Bodies, ſo in the Moon, its Surface is 
very rough and uneven; upon which account it 
diffuſes the Light by reflecting it to All ſides, 
without producing any Image of the Sun, as 
poliſhed Glaſſes do. -* dat. 24 

BUT the Surface of the Moon 1% 415 15 3 125 
tough and uneven, but there are upon it Bel lege that 
prodigious high Mountains, and deep Vallies, — , 
which cover the whole Face of the Moon: This in tbe Moon. 
we thus prove. If there were no Parts in the 


Moon higher than the reſt, no Prominent Points, 0 


then a Right Line in the Dichotomy or Quadra- 


ture, and an Elliptick Line in all the other Phaſes 


would terminate the light and dark parts of 
the Disk: But when the Moon is viewed with 
a Teleſcope, we find that there is no regular Line 
which ſeparates Light and Darkneſs in the Moon s 
Surface, but the Confines of theſe Parts appear as 
it were toothed, and cut with innumerable 
Notches and Breaks and even in the dark 
Parr, near the Borders of rhe lncid Surface; 
there are ſeen ſome ſmall Places enlightned by the 
Suns Beams: And upon the fourth Day after 
New Moon, there may be perceived ſome ſhining 
Points, like Rocks or ſmall Iflands, within the 
dark Body of the Moon; bur not far from the 
Confines of Light and Darkneſs, there are ob- 
en other little Spaces which join to the en- 

lightned 


D e 


capi ties an 
Pi is, : 


ASTRONOMICAL | 
lightned Surface, but run out into | the dar 


X. de; which by degrees change their Figure, til 
f at laſt they come wholly within the illuftrared 


Face, and have no dark Parts round them: — 
wards we obſerve many more ſhining Spaces to 
ariſe by degrees, and to appear within the dark 
fide of the Moon, which before they drew near 
to the conſines of Light and Darkneſs, were invi- 
ble; being without any Light, but wholly im- 
merſed in the Shadow. The contrary is obſer. 
ved in the Decreaſing Phaſes, where: the lucid 
Spaces which joined the illuminated Surface, by 
degrees recede. from it; and after they are ſepa- 


rated quite from the Confines of Light and Darke | 


neſs, remain for ſometime viſible, till ar laſt they 
_ alſo. diſappear : Now it is impoſſible that this 
ſhould; be, unleſs theſe ſhining Points were | high» 
er than the reſt of the Surface, ſo that the light 
of the Sun may reach them. 

THESE ſhining Points ſituated in the een 


1 & Surface, without the Conkjnes of the illuminated 


Surface, are the Tops of very high Mountains, 
which riſing far above the other Parts of the 
Surface, are — reached by tha Sun's — 


ä likewile by Moy even in the end Fac . 


the Moon, many dark and obſcure Spots, which 
ſeem to be only Caverns, or large Cavities; on 
which the Sun ſhining very obliquely, and 3 
ing only their upper edge with his Light, the 

deeper places remain without Light: but as the 
Sun riſes higher upon them, they receive more 
Light, and the Shadow or dark Parts grows ſmal- 
er and ſhorter, till the San comes at laſt to ſhine 
directly upon them; and then the whole Cavi- 
ty will be illuſtrated, and the Parts which were 
obſcure before, will then look as bright as the 
Tops of the Mountains. From theſe conſtant Ob- 
ſervations it is plain to a demonſtration, that the 
Moon's Face is covered with Mountains in ſome 
places, and that it others it is cut with deep Eits 
and Caverns. THE 
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"THE. Luger ee igher - in I 
roportion to the of the 1e Mee) an any 

ountain. upon our for the Sebmieser⸗ 
can take the ce 70 255 as ell as he he can be * | 
find the Meaſure ol . Mou tain won. our Earth: 920 2 | 
The way of finding the Height of a Lunar than 
Mountain is this, Let EG D be the Hemiſphere 1 
of the Moon illuminated by the Sun, and ECD Pate Vi. 
the Diameter of the Circle bou nding. Light and Fig. 3˙ 
Shadow, A the — of a Hill, within the dark 
Part when it firſt begins to be illuminated. Ob- 
ſerve with 4 Tele he the Proportion of the 
Right Line A E, or the Diſtance of the Point A 
from the lucid Surface, to the, Diameter of the 
Moon ED; and becauſe in this caſe, the Ray of of 
lig ht. E'S rouches the Globe of the Moon, AE © % 
vill be a Right Angle, by the 16th Prop. 1 
third of Euclid: And therefore having in the 
Triangle AE C, the two ſides AE and EC, 
can find but the third fide AC, from 9 55 
ſubducting B C, ot EC, there will remain A B, 
the Height of the Mountain. " Ricciolus affitms, 
that upon the foutth Day after New Moon, he has 
obſerved the To 4 of the Hill called St. Katherin 
to be illuminated, and. that it was diſtant frot 
the Confines of the lucid Surface, abour a ſix- 
teenth part of the Moon's Diameter, or an eighth 

rt of her Semidiameter. And therefore if CK 

e 8, AE will be 1; and the Square of Acc 
will be equal to the Squares of CE and EA, 
by Prop. 47, Book firſt of Euclid. Now the 
Square of CE being 64, and the Square of AE 
being 1, the Square of AC will be (5, whoſe 

uare Root is 8,062 which expreſſes the length 
of AC: From thence deducting BC 8, there 
will remain AB = e,062. So thar CB or CE is 
therefore to AB, as 8 is to © 62; that is, as $950 
to 62: And therefore ſince the Semidiamerer of 8 
the Moon is 1182 Miles; if we make the pro- 


portion as 800 to 62, ſo 1182 is to 9; we ſhall 


have 9 Miles for the Height of that Mountain, 
which is therefore three times higher than the 
Tops of our higheſt Hills on Earth. 
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Lecture WHOEVER" mall Cotitemplate the Face of 
the Moon with a Teleſcope,” will diſcerh it diſtin. 
11 with au admirable variety of Spots ſome 
ee arts have a moſt bright Luſtre, and ſome PHI. 
79. A in ſophers have imagined them to be Rocks of Pi- 
he Boo of abend others have compared them to Patt 
g 5 or ſome precious bu a. they ſeem to 
"- , the Solid parts of high duntains, Which aße 
endued with a quality whenby hey ſtrongly 
reflect the High There are again other Places 
and Parts 0 the Moon's and, they. 
not a few nor ſmall, which. ien dark and 5 
duskiſh Colure, which: the 72 81 have fanci- 
ed to be Seas, © Lakes, and Fens : Bur et we 
"There find that. they cannot be eas „ nor any . thiny 
of a Liq uid. ſubſtance,, 1% When they are lo 
ed at OY a good F we find they con- 
ſiſt of an tie e of Caverns ang empey Pits, 
whoſe Shadows fall within ral whic CA 
never be in a Sea or liquid Body , Theſe 2 
Spots therefore, cannot poſſibly be Seas: 
they conſiſt of ſome darker and {ad 55.1. 
Matter, which does not reflect the Light 40 
ſtrongly as the Solid and ſhining Mountains 
ut even within theſe dark Spots we obſe oo 
ſome Bodies of a brighter Light, Wherewith na 
| our-ſhine the reſt. | „ 
N Clouds, THERE ſeems to be no Cloud s nor Va- 
pours 1n the Moon, from whence, 
generated: For Tuch Clouds would ſometimes 
cover the Face of the Moon, and | hide ſome 
of its Regions from our ſight, which, we never 
obſerve them to do: Pur in the Moon there 
is a conſtant Serenity, without any dark Weather; 
and when there are no Clouds in our Air, 
the Moon conſtantly appears with the ſame Lu- 
ſrc. It is probable likewiſe that the Moon has 
no Atmoſphere to ſurround it. For the Planets 
and Stars, which ſometimes are ſeen very near 
its Limb, have nor their Light refracted, as it is 
when it paſſes thro' our Atmoſphere. | 


— 
—, 


* 


THE 


7 » 
WM ls 
M 
. 


58 


5 
% — * 
ö 
— * 


Mi 
, 
wy tu! 


— — — 


- 


* 


r Vw) wo > > >, 


» 


* 


Wi." {1 
"" 


i 


1. 


1 


MIL 


UW! 


' # 


. 4; 


160 vt.) , 


K 


2 5 


—— 
- 


* 
* 


92 


- 
_> ww BOS — 


——y—— — 8 


Cc 
7 + 


P 


_ 
IS 3 


. 2 


— — = 
PA * 4 
. 
: 
: . * * 
3 „ „ 4 
e ; 
* 


% 4 
* 4 * 
- * 
4. 
* 
: hs ood ” 
** 4 7 
1 
20 


oy " 
2 1 
_ 
\ -— i 
* 4 
„ 
1. * 
> 
2 . 
Np. 
o * 
- 4 


. * 


— 2 x , 
„ 


1 LEY , 
4 - ** 
4 * 7 
: - * 4's - 
Pn a ht 
of - 8 , LE 
uh "48 
* 3 
11 2 


5 1 £5 21 
, — i #7 
So a ak * * - 
" . 
4 bY 5 * 9 
„ 
0 Fl 1 5 a 
i ba 
_— «WF : , 5 
3 7 
: i «199; 
” . > 4 © % 
* 3 * o A MY 4 & . 
wotp +; * E Fs 9 
* 
* * 5 
* i «7x 
L * * 
0 : * 
7 wr 1 
5 * * : 
— * 
* * > F » 4 
4 a e wp # . 
y RE 
5 
= : 9 
” * 
I * „ 
4 <A * 
* = 
1 # 
5 
FRA * > ” 
# 
* 
* * 
5 - 
-W . 4 * £ 
. * - 
* 
4 „ 
* * 
of '*% -” 
7. 4 
- 
— 4a 4 
- +. 
P 3.4 
& 5 0 
LS. 


_ 
* 

= 

9 © 

#3 

« 4 

* 4 
13 
* 

— 


gr 


ww - 
- IF IA 


EY 


4 
* 


gms. 0-0) atone — ED — — 23*˙ . „ 


- —_— A 


—— —— 


0 
. 8 
„ * _— 
v 
_ 
* 
. 4 
_ » 
8 ox as, . 
. ; * 
p _— = * * 
* wa 
: S * * _ — 
7 * g 
. N — * * 
i — 1 - : 
— o » is 8 
4 = 
% 2 
. a \ * 
x v : * q * 2 4 Fa 
: __ : 
J — 8 % 1 * 
. Fo 
— - - 4 38 
k * ? * 
” * , / . 
EOS . 
” (2 % o 3 4 4 
4 * * 
* 


þ 
* 
© + * * * 
3 * 
; : 3 6 * 
* 
6 ws 
4 * * 
” 
Py of % : 
- * * 
—— 
; x v 0 — Z 
o 
. 
. 3 
. 4 . * S . * P - E $5 ; 
% » 
* , N % * ” 
N % - ® + ">, 
1 3 * wo. % 
* : 
5 . T 3 \ 
” ., ; 
- - 
2 ” 
— — 
L : « * 8 
. 
* * 
N * 
o * 


2 - 
. + * 
* 
; . 8 : 
= * 
— ö 
A — 
- x 8 : 4 
4 Ss we” 
\ * 
© A 
4 » Ro. 1 
N 
* ** 2 * * 


* 


1 SAG EC HY Be | 

H N rawn t a 

12 5 Me, accordi ing as uy 5 Few. with the f 4 

Teleſcopes, for which we are obli 75 to the ac- 

ae, abours., HOY Famous 5e F 
Florent ius Ins HevelTys « 
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JH BR E is dg ti in 5200 
- which ſhews rhe great Sagacity 
of Human Underſtanding, and 
its deep Penetration, more than 
a clear Explication of the ſud- 
, dain Diſappearings of rhe Sun 
and Moon, that is, of their Eclip- 
ſes; and the accurate Predictions when they 
are to come to paſs, which the Aſtronomers can 
now foretel almoſt ro a Minute. Tho' this be 
the niceſt and moſt ſubtle Speculation of our Sci- 


ence, yet it is certain and undoubrable, than 
which 
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Lecture which nothing can be more 8 
XI. | thy of our Contemplation. '_ 
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A Shadow 
what, 


The figure 
of the Sha- 
dow. 
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ASTRONOMICAL 
| | ublime, or wor? 


The word Eclipſe is derived from the Greek 


an Elie zxaeime, which fignifies to Faint, or to Swoon 
| away: So Sick and dying Perſons when a ſwoon- 
ing Fir, and a Death-like faintneſs comes over 
ttthem, were laid by the Greeks to fall into an E- 
dcdWlipſe: After the ſame manner the Moon, when 


ſhe Shines with a full Face, if the falls into the 
Shadow of the Earth, does loſe the enlivening 
Beams of the Suns light, and grows Pale as if ſhe 


| were about. to Dye. s And the Sun again when 


the Moon interpoſes her Body, and deprives us 
of his Heat and Light; ' tho' in himſelf he re- 
rains his Luſtre, yet to us he ſeems to vaniſh 
and grow dark. Ar ſuch times che Sun and Moon 
are ſaid to ſuffer and fall into an Eclipſe. Theſe 
Eclipſes muſt be here Explained: and that we may 
begin from the firſt Principles. 

IT is to be obſerved that all Opake and 
dark Bodies, when they are expoſed to the di- 
rect light of the Sun, caſt a Shadow behind 
them, that is oppoſite to the Line the Sun is in. 


This, Shadow is nothing but the loſs or Priva- 


tion of light in the Space oppoſite to the Sun, 
by reaſon the Sun's Rays are intercepted by the 
opake Body. Now fince the Earth is an opake 


Body, it muſt likewiſe caſt a Shadow towards the 


Space oppoſite to the Sun; in which Space if the 
Moon ſhould come, it muſt neceſſarily be dark- 
ned, and laſe the Light which it had before from 


plate VI. the Sun. And becauſe the Figure of the Earth 
Fig. 4, 3, 6. js Spherical, the figure of the Shadow would be 
Cylindrical, if the Earth and Sun were of equal 
bigneſs ; or if the Earth were bigger than the Sun, the 
Shadow would have the figure of a Cone which had 
loſt a peice at his Top or Vertex; and the farther it 

were extended, would grow thicker and thicker. 


AND in both theſe Caſes, the Shadow would 


run out into infinite Space, without ever having 
an end: And then it would involve ſometimes 
the other Planets, Mars, Jupiter and Saturn, with- 
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nd enter within that Space: 84 
ſerved; for then theſe Planett would be E- 
lipſed : And rherefore the Sun muſt neteſſarily be The: op 

karth., 


. when they come to be oppoſe to the Sen Lede 
Sur 


_ 


reater than the Earth. whoſe Shadow muff con- Fiager 

4 wg be of 'a Conical Figure, and end in 
BY'T the Moon, ' ſince its Diameter is nie 

zined about three times in the Diamęter of {ih 

ke Shadow, and the Diameter of che Shador 


, 

Point of the Space AB C, which does 

pon the Earth: And therefore fince the Earth is 

in opake Body, it will not ſuffer any Rays to 

paſs thro', or to illuſtrate the Space AB C. 
Now if the Moon when ſhe is oppoſite to the Sur 
ſhould' come into this Space, ſhe 'muſt then be 
involved in Darkneſs, and would then ſuffer 
an Eclipſe in the very time of Ful Moon. 

THE Moon likewiſe upon the ſame account 
muſt have a Shadow of : a Conical figure o 
pofite to the Sun; and if this Shadow ſn 1 
all upon the Earth, which can never happen but of thedioon, : 
ven the Moon is in Conjunction with the Sun, | 
he Inhabitants of the Earth, on whom the Sha- 
dow falls, will be involved in Darkneſs ; and the 
Sun Will ſeem ro them to be in an Eclipſe, fo 
long as the Shadow covers them: But becauſe 
he Moon is much leſs than the Earth, its Shadow 
Can never coyer the whole Earth, but only 4 ſmall 
art of it, ſuch as BC: And within that Space 
only where the Shadow comes, there will be Plat vil. 
otal Darkneſs; and the reſt of the cireumjacent *- 
places will be illuſtrated with ſome of the Sun's 
beams, and their Inhabitants will only ſee a part of 
the Sun's Disk obſcured ;* which will be greater 

or leſs, according as they are nearer or further 

e e 1541 912145 removed. <4 
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ure removed. from the Shadow, particularly 

XI. live About F, will ſee half the Sun Felle: po 

Nt whoſpeyer liyes. between be N, will ſee. x 
e the fam + time all che Sun's, Body, and perceiye m 


NCE it is manifeſt that there can be 
ſe of the Moon manifeſto Moons, w w 


2 f 
total, in 0s 
tbers arti- Eclip 


ben ſhe 
al, and in o. is oppoſite. to. 14 Sun z as the Shadow always it 1 


cbergnone ar Nr there 
Arten an 727 75 EZ 2h hep only the is in e with th 


—— * 
the Sun bap. i 
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er ion. 1 epery þ it ny 
gw. it comes, that the Sun: and Moon dg 
er = Heli ſes every Mon Month. And indeed i 
id always moye in the Plane of the 
8 ſince the Axis of the Shadow is alway 

5 t ſame Plane, - the Aon, would then . ever 
Moon . paſs thro the Body. of the Shadoy, 

40d 19 7 would be a total Eclipſe of the May, 
So likewiſe in every New Moon, if ſhe were, ng 
then too far off us, ſhe would caſt her Shaday 
on the Earth, and produce an Eclipſe of the qu 
in ſome or other of the Regions of the Earth, But 
the Caſe. is otherwiſe, for we have ſhowed tha 


Ab der d ah the Nane of the Moon's Orbit, does not coincide 


Wi wit the Plane of the Ecliptick; but that it cus 
it in 2 Line which paſſes thro che Center of the 
Eareh: And therefore the Moon is never in the 
ne o Ecliptick, but when it is in-thi 
Line, which is che Interlection of the two Planes, 
that i 1s, when it enters the Nodes. And. therefore 
when it happens that the Moon at Full, (ſhall 
likewiſe be in one of the Nodes; then the As 
of the Shadow. will paſs thro' the Center of the 
Noon, and then ſhe will be in a Total and Cen- 
Plate vil. tral Eclipſe, - Let the Circle MN ' repreſent the 


— 7 tranſverſe Section of the Shadow, at the Diſtance 


central E- of the Moon; and the Line CD a Portion of 


> ogg the the Orbit of the Moon, which the Moon deſcribes in 
"0 the time of Full Moon; | which becauſe it is but 


2 ſmall Portion, may be well enough repreſents 
| J 
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il 
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te 
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al 
th 
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th 
th 
ro 
I, 


is, about two Degrees, which Space the Moon 


LE C\TUROEST. : xr 


by a Right Line: Ler the Right Line BGA, be-Lei | 
in the Plane of the Ecliprick, and let F be the 2 


ofition of the Moon's Center when ſhe firſt ray 
Wes the Shadow, E the Pofition of the ſame © 
Center when ſhe firſt leaves it: G the ſame 
Center of the Moon when the Axt of the 
Shadow paſſes thro' it: It is evident, that ſuck 
an Eclipſe will be Central and Total; and 
there will always be ſuch Eclipſes when the 
Center of the Moon and Axis of the Shadow 
meet in the Nodes. Hence the Duration or time 
that an Eclipſe can laſt, may be as long as 
the Moon is paſſing thro an Arch, that is eq 
to EF, or four Diameters of the Moon, that 


generally moves: thro in the ſpace of four 
Hours. CC 
- BECAUSE. of the largeneſs of the Dia? 
meter of the Shadow in compariſon of that of 
the Moon, there may be Total Eclipſes which 
are not central, where the Node does not coin- 
cide with the Axis, and may even lye without 


the Shadow, as the Figure ſufficiently ſhews, Plate VIE 


The Node may likewiſe ' be at ſuch a diftance 18, 3. 
from the Shadow, that there may be only a part of 50 4 
the Moon's Body that can enter it, and krben 

we ſhall have a Partial Eclipſe of the Moon, nin 
a is manifeſt by the Figures: and thele Par- he 
tial Eclipſes will be greater or leſs, according Fs VII. 
as the diſtance of the Node from the Shadw 8. * ** 
is leſs or greater. But when ir happens that 

the Node, in the time of Ful Moon, is further 

removed from the Axis of the Shadow than 

Twelve Degrees, the Moon then will have ſo 

much Latitude, or its diſtance from the Eclip- 

tick will be ſo great, that it cannot be obſcur- 


ed by typ Shadow. | 7 
AS-the Shadow of the Earth caſt upon the Editerof 


Moon produces an Eclipſe of the Moon, ſo if * 
the Shadow of the Moon ſhould: fall upon the 
Earth, it will cauſe an Eclipſe of the Earth, an 
leaſt on that part of the Earth on which the. 
—_ 3 Shadow 
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Lectuie Shadow falls. For the Moor being much leg 
XI. Than the Earth, cannot with its Shadow involve 
che whole Disk of the Eareb, but only a very 
ſmall part of it; and ſo all the Eclipſes of the 
Zarch will be: Partial and not Total; and ſuch 
Aclipſes will only produce a darkneſs upon thoſe 

laces where the Shadow falls, and the Inha; 
irants within this Shadow will only ſee the 
Sun Totally darkned, and therefore they wil 
call them Eclipſes of rhe Sun: but this is im 
properly attributed to the Sun, who all the 
time retains his Light without the leaſt dimi, 
nution; and it is only rhoſe Inhabitants of the 
Earth that are under the Shadow, that are truly 
Eclipſed and involved in Darknefs, © _ 
THAT ve may deſcend more particularly 
to explain the Phænomena, or Appearances of E. 

_ cliples; it will be requiſite to ſhew the Me. 
thod of Meaſuring the dimenſions of the Co- 
nical Shadows of both Earth and Moon: For 


which purpoſe we will firſt lay down the fol 

lowing' Poſtulatum, If from the Center of the 

Cines _ Sm, there be drawn Right Lines ro every 
Center of the oint of the Earth, or to as m_y as you 
eſteem: 


Fun to any pleaſe, theſe Lines may all of them 


Fey — ed as Parallel. For Parallel Lines are ſuch as 
e do not meet till they are produced to an Ins 
as Faraleli finite diſtance; and therefore ſach Lines as do 
*'-*, ©, Hot meet but at a diſtance immenſly great, in 
compariſon of the diſtance of the Lines. from 
one another, are nearly, or as we may ſay Phy- 
fically Parallel; that is to ſay, they will have 
the ſame effect in Nature, and the Phyſical 
Obſervations that are to be made from them, 
will be che ſame as if the Lines were abſo⸗ 
Jutely Parallel. Now the diſtance of the Earth 
from the Sun is ſo great, that the Diameter of 


* 
* "IT 
© # 


the Earth compared with it, is but as a Point, 


as is now acknowledged by all Mathemati- 
cians; for this Diameter ſeen from the Sun does 
appear under an unperceptible Angle, or which 
us ſo ſmall that the Eye cannot obſerve * 
. 5 ES ene 


re 
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ct Semidiamerer of the Earth, and C the Cen- 
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\LECTVRES: xo 
the Earth appears only like a Point: And :Le@uie 
therefore in N 1 — | diſtance "XL. 

— from the Center of the Sun to — © YG | 
arallel. Moreover it is known in Geometry, Plate Vks 1 
that if a Right Line falls upon two other * "op 
Right Lines, fo as ro make the two internal 8 
Angles on the ſame fide equal to two Right 
Angles, that rheſe two Lines on which it falls 
are Parallel, by 29. Prep. Book firſt of Euclide. 
Let therefore the Line A B be the Diameter 


ter of the Sun: drawing A C and BC, the 
Angles A, B and C of the Triangle ABC are 
equal to two right Angles : Now the Angle C at the 
Sun vaniſhes, and is next to nothing, for the 
Earth ſeen from the Sun looks like a Point; 
and therefore the Angles at A and B muſt 
make by themſelves two Right Angles very 
nearly, and therefore the Right Lines A C, B d. 
ate nearly Parallel. It is upon the ſame ac- 
count that if there be taken two Threads witn 
Plummers to make them hang perpendicularly, 
the Directions of thoſe Threads are by 
Artificers eſteemed as Parallel, tho their di- 
rections will meet at the Center of the Earth, 
to which all heavy Bodies have a Tendency, 
or Propenſion. - ED £5 5 
WHAT we have faid in this caſe concern- 
ing the Earth, is alſo true of the Moon, for 
its Diameter has a much lefs proportion to rhe 
diſtance of the Sun, than that of the Earth has 
to it. And not only Lines drawn from the 
Sun to any Points of the Earth and Moon, are 
to be reputed Parallel; but if there be two 
Lines drawn, one from the Center of the Sun 
to the Earth, the other from thence to the 
Moon, thele may be likewiſe taken as Paral- 
lels, for they will not ſenſibly differ from a 
Paralleliſm, eſpecially in the time of Eclipſes: 
the difference of theſe Lies from real Parallels 
ET 8 2 15 
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Leckute is Io ſmall, that it will make no ſenſible era} 


in the Calculation of Eclipſe. 


A WE likewiſe premiſe the following Lemm 


which is eaſily demonſtratred. 


Plate VII. IF tuo Right Lines AE B F touch 4 Circle 


(ie. . and there) be drawn from the Points ef Contalt ty 


"the Center the Liner AD BD; the Angle at 


the Center contain d under theſe Lines, will be e. 
qual to the Angle that the Tangents male with 
one another. For in the Four-fided Figure GADB, 
all the Angles make four Rights: Bur the An- 
gles A and B make two Rights, by the 18 
Prop. Book third of Euclide : Wherefore - the 
Angles A GB and D, are equal ro two Rights, 


But by the 13 Prop. Book firſt of | Euclid, the 


Angles AGB and E GB, are equal ro two 


Right Angles, and therefore the Angles D and 


EGB are equal, ſince the Angle AGB makes 
two Right Angles with either of them. 


ne 2 LET the Circle A B K repreſent the Globe 
tbe Angle of of the Earth, AM the Line which joins the 
the conical Centers of the Sun and Earth; to which let the 
Plate viiaDiamerer C B be perpendicular: if from B 

Fig. 8. there be drawn to the Center of the Sun the 


Line EF, this Line will be Parallel to the Line 
CM, as has been ſhown: Make the Angle 
BCD equal to the Apparenr Semidiameter of 
the Sun, that is, equal to the Angle under 
which the Semidiameter of the Sun is ſeen 


from the Earth, and then thro D draw the 


Tangent D G. By the Lemma above demonſtra- 
ted, the Angle GE F will be equal to the 
Angle BC D, or to the Apparent Semidiameter 
of the Sun; and therefore ſince the Line BF 


produced goes to the Center of the Sun, the 


Line GE D muſt touch its Cireumference, and 
it will alſo touch the Earth, and being pro- 
duced, will meet with the Axis of the Sha- 
dow CH in H, fo that the Angle DH C, will 
be half the Angle of the Conical Shadow. 
Now becauſe E F is Parallel ro MH, the An- 
gles DHC and GEF are equal, by the 29 
75 Prop. 


ern 


A a as ry * * _ - : 1 * = 2 be N * 
a a ge go f · - , . oooaf.o wrt 


1 


Angle K HD, is equal to the Apparent Diame- 


Prop. Book firſt of Euclid. But G EF is equal, Ce. 
a; 9 been ſhewed, ro rhe Apparent Send. 3 
meter of the Sun; Wherefore the whole Conical 


ter of the Sun, 
THE ſame thing is to be demanſtrated of 
the Moon, and Univerſally, the Sun's Apparent 
Diameter remaining the ſame in all Spheres, 
which are not bigger than the Earth, the A Woes 
yles of the Conical Figures which include the et 4n- 
Shadows are all equal, and all their Shadows . Eos 
will be Semilar Figures. This may likewiſe 4 are 
be demonſtrated in this manner. . 1 
LET AGF be the Sun, DHE the Earth, Paw vi 
SC a Line joining the Centers of the Sun ant. 
Earth, AD 4 Right Line which touches both 


Bodies; and ler the Lines AD. SC produced 


meer in M,. the Angle AMS will be half the 


Angle of the Shadowed Cone. Now in the 


Triangle SDM, the outward Angle ADS is 
equal to both the inward and oppoſite Angles, 
by Prop. 32 Book firſt of Euclid; that is, the 
Angles DMS and DSM are equal to the 


Angle ADS: bur the Angle DSM is nothing, 


or next to nothing, being the: Angle under which 
the Semidiameter of the Earth appears as ſeen 


from the Sun, and the Angle ADS is. the Ap- * 


parent Semidiameter of the Sun; therefore the 


Angle DMS or the Semiangle of the Cone, is 'T 
equal to the Apparent Semidiameter of the ' -* 
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808 1 1 F IBS DL £6 11 4 f > 4 
1 07 the Penumbra and Ws Cone, the 
Hleigbt of the Shadow, and the App 
em Divicters of the Shams. 


. of 4.5 1 | 
SOS E SID ES the Shadow which is de 


* 


Eerth: and the parts of this Penumbra will have 
they are nearer or further removed from 


determined in this manner. TS 


* rs LEFT the Circle A E FG repreſent the Sun, 


it being her Penumbra that we are at preſent 


the Left of the Moon: let theſe two Lines cut 


A 


| . - * 1 
2 
. * 1 
1 0 
1 


A B prived of all the Sun's Light, there 1s 
a certain Space which is but a Par- 


bra; for tho' all the Sun's Body does nor illu- 
minate it, there are for all that Rays coming 
from ſome part of the Sun, which doe enter it, 
and render it lucid, the reſt of the Suns Beams 
being intercepred by the Opake Body of the 


different Degrees of Illumination, according 2 


Shadow. The Space of the Penumbra is to 


HED any Opake Sphere, for Example the Moon, 


concerned with; SC the Line which joins the 
Centers of both Spheres. Draw the Line FDO, 
touching the Left ſide of the Sun and the 
Right fide of the Moon, and the Line A HP, 
which touches the Right fide of the Sun and 


the Line SC in I. The Point I remaining im- 

moveable, either of the Right Lines IDO, or 

IH being extended indefinitely, let them be 

turned round the Axis IM, with a Conical 

Motion, ſo that they may always ron 
| | 0 
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ſome Rays of the San are hindred from enter- 
is by the Opake Body of the Mean: Anil 
| this is the Space which we call the : Penymbrg, 

which is darker in X or Y, which are nearer 
the Borders of the Shadow, than in V and N, 
which are nearer the Conical Surface. For the 
laces X and 1 are illuſtrated with a ſmaller 
ortion of the Suns Disk, than the other 


be generated an indefinite Conical Surface, in- * XII. 
elnding both the Shadow and the Circumam- 
bient 2 ODM PHM; inte which Space * 


qe 


places further” diſtant from the Axis of the 


Cone, Now if the Earth come within this 
Space, a certain Portion of its Surface at 8 


the Inhabitants of that Region will ſee a Tp- 
tal Eclipſe of the Sun; but thoſe who live 


by the Moon. For ler us draw from Q the 
Line QD, touching the Globe of the Mass, 
which being produced to the Sun, the Point 
Q being immoveable, if the Line QD inde- 
finitely extended be moved by a Conical Mo- 


tion round the Moon, the Conical Surface ir 


deſcribes, will cut off a Portion of the Suns 
Disk, which is covered by the Mon. 

W E find the Dimenſions of the Coge of the 
ummbra in this manner. Let the Circle HDL 


without this Shadow, but are ſtill within the 
Penumbral Space, as about Q and X, will 
have no Total Darkneſs, ſome part of the Suns 
Disk being fill viſible, while the reſt is hid 


may be included in the Total Darkneſs, and 
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repreſent the Opake Sphere of the Moon, 8 C rhe menfions of 


Line joining its Center with the Center of the 
$un; and ler CB the Semidiameter of rhe Meet 
be Perpendicular to CS, and BF Parallel to 


it touching the Moon in B. Make the Angle 


BCD equal to the Apparent Semidiameter of 
the Sun, and thro D draw DG a Tangent to 
the Moon. And by the Lemma premiſed, the 


Angle FEG will be equal ta the Angle BC H, 
or to the Apparent Semidiameter of the unn 
9 FBS ©; and 


the Conical 


Penumbra, 2 


/ FS ” 
- 


8 ASTRONOMICAL 
Lectuie and therefore fince the Line E E goes to the 
XII. Center of the Sun, the Line EDG muſt touch 
che Inferior Limb of the San: but it alſo 

touches the Moon; and therefore the Point of 
8 this Line being immoveable, if it be carried 

by a Conical Motion round the Moon, it will 
generate the Surface which includes the Penum- 


"bra. And becauſe of the Parallels E F, CS, the + 


alternate Angles FEI and EIC will be equal; 

but the Angie EIC is the Semiangle of the 
Cone, and FEI is the Apparent | Semidiamerer 

of the Sun; and therefore half the Angle of 

the Penumbral Cone, is always equal to the 
Apparent Semidiameter of the Sun. The Cone 
therefore of the Total Shadow, and that part 

of the Peumnbral Cone which lies between 

the Sun and the Moon, are eq ual and ſimilar 
Figures; for they have their Vertical Angles and 

"ME „„eine trek 
Plate VIII, THE Height of the Shadow of the Earth 
FS 3. is thus determined. Let CT be the Semidia- 
meeter of the Earth, T M the height of the 
Cone or Shadow: If T M be the Radius, CT 

will be the Sine of the Angle TMC, which 

is half the Angle of the Cone. And this An- 


gle is equal to the Apparent Semidiameter of 
the Sun as has been ſnewed, and in the mean 


The beighi Aiſtance of the Sun, is about 16 Minutes. Let 
of the therefore the Sine of 16 Minutes be to the Ra- 
_—_— dius, as the Semidiameter of the, Earth to a 
fourth, and we ſhall find T M equal to 214,8 
Semidiameters of the Earth: But when the Sus 
is at his greateſt diſtance, half the Angle of 
the Cone is 13 Minutes and 50 Seconds, an 


diameters of the Earth: and ſince the Diameter of 
the Earth is to the Diameter of the Moon, 
as 100 is to 28; the Altitude of the Earth's 
Shadow, will be to the Altitude of the Moon's 


in the ſame Proportion, for the Conical Sha - 


The beigbt dous are ſimilar Figures; and therefore the 
1 Height of the Moon's Shadow. will be 9,36 
dow. * 1 emi 


Sm. greg gra geg 


the Height of the Shadow becomes 217 Semi- 


P 11 ogg © 


a and ſuch 1s the Arch AB; the double 


1 
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de of the Earth: Hence, "if dhe di 1257 2 


ſtance of the Moon from the Earth be grearer 
than her mean diſtance, which is * 60 


Semidiameters of the Earth, the Shadow of GD 


the Moon Conor reach the Earth,” in which 

caſe there ma a Central Eclipſe of the San 

but not a om * But round the Moon 

there will appear part of the Sun's Body, in the 

form of a Luminous Circle, which like 2 

bright ſhining Ring of Gold, will embrace rhe 

Body of the Moon. It alſo follows, that if in 

the time of the Eclipſe, the Anomaly of the 

Moon be leſs than three Signs, or bigger than 

nine Signs, there can no where be 4 Tota! 
Eclipſe of the Sun, for in all theſe Degrees |" * 
Anomaly, the diſtance of the Moon is reater 22 208 
than her mean diſtance. ' 

TO find how much of the Earth's 8 Surface . or 
tan be involved in the Moon's Shadow in the att 2 
time of an Eclipſe, when it directiy falls upon face tb 
it: Let us ſuppoſe the diſtance of the Sun to 1 y be 2 


be the greateſt that can be, in which caſe the 33 Sbadow. 


heighr of rhe Conical Shadow of the Moon is 
about 60 Semidiamerers of the Earth: Let us 
likewiſe ſuppoſe the diſtance of the Moon from 

us to be the leaſt that can be, that the Earth 

may receive the moſt of the Shadow. 'This leaſt 
diſtance -of the Moon. from the "Earth is about 

56 Semidiameters of the Earth : "Now+ let L Plate VIII, 
repreſent the "Moon, and T the Center of the Fig. * 
Earth, LT the diſtance of the Moon from the 

Rarth, which is equal to 56 Semidiametersz 

and ſince I M is 60, T M muft be four Semi- 
diameters, and T B will be to TM as 1 to 4. 

But as TB is to TM, ſo is the Sine of the 

Angle T MB, which is 15, 56”, to the Sine of 

the, Angle TBM; by which means we find 

the Kale TBM to FA 63 Minutes and 10 
Seconds. But the Angle ATB is equal to 

both TMB and TB M, by 32 Prop. Book iſt. 

of Euclid, and therefore the Angle ATB is 79 

bh. | 
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Lecture of which is the Arch B C equal to 158 
XII. Minutes, or to 180 Engliſh Miles. We haye 

u here ſuppoſed the Axis of the ſhade to pab 
thro the Center of the Earth; which it dots 
Wen the Centers of the dun, Earth and Mooy 
are in the fame Right Line preciſely : but 
when the three Centers do nor lye in the ſame 
Right Line, the Conical Shade is cut % On 
va 


and the Figure of it upon the Earth: is | 
whoſe Diameter is eaſily ro be determined by th 
diſtance of the Moon from the Sun ſeen from 


the Center of the Earth i 

mme mund IF we inquire how much of the Surface of 

ef the ** the Earth can be involved in the Penumbra; it 

face 9) ** may be found by this means: Let us ſuppoſe 

tbe Peuum· the Apparent Diameter of the Sun to be the greateſt, 

bra. Vin which is when the * is in her Perihelion, 

AI. 5. and is about 16 23”, Let ABD be the En, 

2 L the Moon, and AMB be half the Angle of the 
Cone, which js likewiſe 16“ 23": By which we 

* ___ Hall find the height of it LM, equal to 58 

and a half Semidiameters of the Earth: Ler the 
Moon be in her Apogeon, and therefore at her 
greateſt. diſtance from the Earth, which is 6 
Semidiameters of the Earth; and T M is equ 


n nns eg grades TEA_t =0 wo 


to both T L and LM, that is to 1222 Semidiame- 3 

ters: but by a Trigonometrical Theorem, TB 1 
is to TM, as the Sine of the Angle 'TMB is A 
to the Sine of the Angle MBN or MBT. 


But TB is to TM as 1 is to 1225, and the 
| Angle TMB is 16 Minutes 23 ſeconds, and pa 
therefore we ſhall find out the Angle MB N to ſh 

be 35 Degrees and 42 Minutes, which Angle g 

is equal to both the Angles TMB and MTB. 

If therefore from the Angle M BN 35 Degrees pl. 

42 Minutes, we Subſtract the Angle T MB, I; 
there will remain the Angle M T B 35 Degrees 4 

25 Minutes, which is the meaſure of rhe Arch 1 

A B; whoſe double 70 Degrees and 50 Minutes, 7 

is equal to the Arch CAB which makes about che 
4900 Engliſh Miles. NR 7 es bs 

IF the Conical Shadow of the Earth at the OA 


diſtance of the Moon, be cur with a Plane 
Zh Perpendicular 


— 


* 


8 8 8 


8 


Berth, and therefore we can find NL; but 2 Wi 
we have alſo the Angle FM L, therefore we 
can find out F G half the Diameter of the Sha- 

dow at the diſtance of the Moon: and therefore 

in the rectangled Triangle F T G, having the two 

fides FG and TG, we can find by Trigono- 

metry the Angle F I G, the apparent ſemidiameter 

of the Shadow ſeen from the Center of rhe 

Earth, It may likewiſe be thus found 5 having Another 
FT the diftance of the Moon from the Earth, 1 
and CT the Semidiamerer of the Earth; in the 8 

ho CFT, we may find out the Angle 

CFT, which is equal ro the two Angles FMT .. . © 


and FT M: if therefore we ſubſtract the Angle 
FMT, which is half the Angle of the Cone, 
from the Angle CF T, we ſhall find rhe” Angte 


FTM or FIL: The Angle CFT is che Apparent 
Semidiameter of the Earth ſeen from the Mont, 
and is called the Horizontal Parallax of the 2 | 
Moon, the reaſon of which we ſhall ſhew when rallax of the 
we come to treat about Parallaxes, Thefe Ap“ Moon. 
parent Semidiameters of rhe Earth, of Horizontal 
Parallaxes of the Mon, conſtemly vary as the 

diſtance of the Moon does, and they are found 

ready Calculared in all Aſtronomical Tables. 

LET A M be a Portion of a Line in the pte vit. 
Plane of the Ecliptick, K L a Portion of the Fig. 6, 
Lunar Orbit, which the Moon moves through, | 
about the time of Fall Moon, which becauſe it 
is ſmall, may be repreſented by a Right Line. 

Let the Circle FMO repreſent the Shadow of 
the Earth at the diſtance of the Moon, ani its Cen- 
ter G; GL is the Latitude of che Moon in the 
| 5 ; time 


324 ASTRONOMICAL: 
Lecture time of Full Moon, which is almoſt equal to thi 
XII. ſhorteſt diſtance of the Moon from the Plang 
FYY of the Ecliptick. It is manifeſt that if 6 
Plate IX. the Latitude of the Moon, be greater than the 
F. 5 2. ſum of the Semidiameters of the Moon and 
c Shadow then the Moon will no part of it enteg 
into the Shadow. But if the Latitude of the 
Moon be juſt equal to theſe two Semidiameteg 
; than the Limb of the Moon will juſt touch the 
1 Shadow, but not enter it: But if the Latitude 
a Eclipſes, of the Moon be leſs than this ſum, but greatey 
than their difference, there will; be a Partial 
clipſe; and if the Latitude of the Moon be eg 
than. the difference of the Semidiameters of the 
Moon and Shadow, the Eclipſe will be Total; 
And by this means we can find out the . 
cliprick - Terms or Limits, which are ſuch that 
if the diſtance of the Moon from the Node be 
leſs than they are, in the time of Full Mag 
7 there will be an Eclipſe: If greater there can 
ms be no Eclipſe. Let & S repreſent a Portion f 
Fig. z. 4 Line in the Plane of the d Parallel 


: to the Earth's Orbit, & L a Portion of the Moons 
Orbit, S L the Latitude of the Moon when 4 

The Limits Full; and let us ſuppoſe this Latitude ro. be 
determined. ſuch, that the Margin of the Moon may juſt 
3 touch the Shadow, and let the Node be at & 
The Angle LAS is the inclination of the Orby 
= of the Moon to the Plane of the Ecliptick, 
which is five Degrees; and LS the Latitude of 

the Moon, when its Limb touches the Shadow, 

equal to 66 Minutes; and therefore in the 
rectangular Triangle N.LS, having LS and the 

Angle LAS, We can find MS, the diſtance of 

the Node from the Point of the Ecliptigk oppoſite 

to the Sun, which is 754 Minutes or 12 Degrees 

34 Min. And if in the time of Full Moon, the Moon's 

place in the Ecliptick be further diſtant from 

the Node than 12 Degrees 34 Minutes, there 

can then be no Eclipſe of the Moon. 
LET L be the Center of the Moon, whoſe 
Conical Shadow is DM E.] Imagine this ons 
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low cut at the diſtance of the Earth with a Lecture 
ane perpendicular ro its Axis; the Section XII. 
in be a Circle, whoſe Semidiamerer TP is 1 

illed the Semidiamerer of the Moon's Shade: Now plate ty 
he Angle under which this Semidiamerer appears Fig. 4. 
ren out of the Moon, is equal to the difference 


rom the Earth : For the Angle LP D is the Moows ſbe- 

Ipparent Semidiamerer of the Moon ſeen from gar en the 

he Earth, which is equal to the two internal cen from 

angles PML and PLM; and therefore if we the Moon, 

ſubſtract from the Angle LP D, which is the 

Apparent Semidiameter of the Moon, the Angle 

PML which is equal to the Apparent Semidia- 

meter of the Sun, there will remain the Angle 

PLT, the Apparent Semidiameter of the Shadow 

ſeen from the Moon. | bn Be 
AGAIN, let L be the Center of the Moon, plate 1% 

AMB the Penumbral Cone of the Moon ex- Fig. 5» 

tended as far as the Earth, and its Axis MT; 

af this Cone at the diftance of the Earth be cur 

by a Plane tranſverſely, the Section will be a 

Circle whoſe Semidiameter is A T, and is called 

the Semidiameter of the Penumbra. And the An- 

gle under which it appears from the Moon is the 

Angle T LA, which is the external Angle of the 

Triangle L M A, and is equal to both the inward 

Angles LAM and LMA. But the Angle LMA 

is half the Angle of the Cone, which is the 

ſame with the apparent Semidiameter of the Sun, 

and MAL or CAL is equal to the apparent 

Semidiameter of the Moon ſeen from the Earth; e A- 


Penumbra” ſeen from the Moon, is equal to the «ter 
ſum of the Semidiameters of both Sun and pra. 
Moon. 1 . 2 , 65: 12 , wy ES | 7 : 5 
IF the Sun had no Apparent Motion ariſing The way 
from the real Motion of the Earth, the way — —_— 
of the Moon from the Sun would be the ſame sun. 
with her real way in her Orbit. But becauſe 
while the Moon is proceeding in her Orbit, the 
bun allo ſeems to move in the Ecliptick, the 

> 77 | way 


* 
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che Semidiamerers of the Sun and Moon ſeen pit 


and therefore the Apparent Semidiameter of the parent Bi. 
the penum- 


"4 
2 


6% 48 TRONOMICAL 
Lecture way the Men moves towards of from the z 
XI. will be different from that which ſhe has 1 
Orbit, and its inclination to the Ecliprick wil 
ate IX. be greater thau the inclination of the Orbit tg 
„6. it. Let N A be a Portion of the Moon's Orbit 
produced to the Ecliptick: And ſuppoſe the Sun 
and Moen in Conjunction in the Node: Now then 
wulle the Moon in her Orbit deſcribes the Space 
* KL., the San by his Apparent. Motion will de. 
ſcribe the Space & S in the Ecliptick, and SL 
will be the way of the Moon from the Sun, 
Now if two Bodies be both moved the ſame 
way, but one faſter than the other, their re] 
tive Motion whereby the one recedes from the 
other, is the ſame as if the ſloweſt Body ſtood 4 
ſtill and the other moved on with the diffe- 
rence of Velocities, as we have demonſtrated in 
our Phyſical Lectures. Thro' the place of the 
Moon L, draw BL Parallel to the Ecliptick, to 
which ler K B be Perpendicular. Now while 
the Moon in her Orbit deſcribes the Space AL, 
irs Motion according to the Ecliptick is equal 
to the Space BL; take L/ equal to KS, and 
draw N, it will be Parallel ro SL; and the 
Motion of the Moon from the Sun will be the 
ſame as if the Sun had remained in the Node, 
and the Moon, according to the Ecliptick, had 
been carried with the Velocity BI, which 1s 
the difference of the Velocities of the Sun and 
Moon, according to the Eclipticx. Becauſe the 
Angles BLM and BI& are but ſmall, the An- 
- gle BLM will be to the Angle B/Q, as BI is 
to BL, that is, as the difference of the Motions 
of the Sun and Moon according to the Eclip- 
tick, is to the Motion of the Moon in the E, 
cliptick, ſo will the Angle which the Orbit of 
the Moon makes with the Ecliptick be to the 
Angle B/ K, which is equal to the Angle LSE, ot 
the Inclination of the way of the Moon from 
the Sun to the Ecliptick: And by this means 
we can find out the Angle which a Circle of | 
Latitude drawn thro' any Point of the * | 
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LECTVU RBS. 
ack makes with the way of the Moon. from the Lecture 


cus. For in the rectangular Spherical Triangle 
which the Ecliptick, the Circle of Latitude and 
the way of the Moon from the Sun do form, 
we have one Angle which is the Inclination of 
the way of the Moon from the Sun to the E- 
cliptick, and its Baſe which is the diſtance of 
the Circle of Latitude from rhe Node, and there» 
fore we can find the other Acute Angle, 


LECTURE XIII. 


f 


0f the Projeitios of the Moon's Shadow | 


on the Dick of the Earth. 


1 — F a Right Line be Projected on 
«a Plane chat is Parallel — |, by 

a S letting fall from all its Points 
Perpendiculars on the Plane, rhe 


Y Perpendiculars meer with the Plane, 
will be a Right Line, Parallel and equal to 
the former Line which was Projected. For the 
Perpendiculars that fall from the extremities of 


the Right Line are Parallel and equal, and 


therefore the Lines which join them will be Paral- 
lel and equal. 5 ; | 

' HENCE if two Right Lines touching one 
another be Parallel ro any Plane, rhe Projections 


of theſe two Lines upon that Plane will contain 


an Angle equal to the Angle the Lines them- 
ſelves make together, this is plain by Prop. 10 


Book XI of Euclid. Hence all Plane Figures 


projected on a Plane Parallel to ln 
4 > - | ] ly 


Projection, or the place where all. 


127 
VIII. 
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— — 


'* this Line BC is equal to 46: but BC ig 


efwbetarch, WE . 


 thographi- we imagined, are to be ſuppoſed Projected Or- 


Dis, 


— 


128 ASTRONOMICAL 
FTecture for their Projections Figures exactly ſimilar # 
XIII. equal to themſelves.” * ue - 

3, BUT if a Line be inclined to any Plane 

Plate x. its Projection upon that Plane made by letting 
Fig. 1. fall from it Perpendiculars to the Plane, will h. 
to the Line it ſelf, as the Coſine of the Indi 
nation of the Line is to the Radius. For le 
AB be a Line inclined to the Plane, and ley 

DE repreſent the Plane. Letting fall from the 

Points A and B, the Perpendiculars Aa BY 

ab will be the Projection of the Line AB; te 

which if we draw. thro B the Parallel Line 

BC, meeting with the Perpendicular A 4 in C 


AB, as the Sine of the Angle CAB, or the 

Coſine of the Angle ABC to the Radius, that 

is, as the Coſine of the Angle of Inclination is 

to the Radius, fo is ab to AB. Hence it fol. 

lovs, that every Figure, whoſe Plane is: Per- 

pendicular to the Plane of the Projection, is 

Projected in a Right Line. For the Perpendi- 

culars from every Point of the Figure will all 

| fall upon the common Interſection of the Plane 

Graphi, Of the Figure with the Plane of rhe Projection 

cal Freje- Such à Projection of Lines and Figures is called 
don what? an Orthographical Projection. 3 

IF we imagine a Plane to paſs thro' the Cen- 

ter ofs the Earth, ſo that the Line which joins 

the Centers of the Sun and Earth, may be 

Perpendicular 'ro this Plane, it will make on 

the Surface of the Earth a Circle, which will 

ſeperate the illuminated Hemiſphere of the Earth 

from the dark. This Circle we before called 

ne Dias che Circle bounding Light and darkneſs, but 

* ill now call it the illuminated Disk; which 


Disk is directly ſeen by a. Spectator placed at 
the diſtance of the Moon, in the Right Line 
which joins the Centers of the Sun and Earth. 
Upon this Circle the Earth's Equator, its Pa- 
The Or. rallels, Poles, and all the other Circles which 


#ion on tbe © Center 


8 ehographicaly. For all Lines drawn from the 
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7 ik, are to be accounted Patallel ; and there- 
ore ſince that Line which is drawn: to the 
nter of the Disk is perpendicular ro it, dul 
reſt will be edle to it; and there. 
fore all Lines drawn from the Center of the 
Wn, and "path paſſing thro" evety "Poity of- any Circle ..- 
pon the Earth's Surface, when they are ppos - 


2 Moreover a Spectator it the Moon Will 
all Countries, Cities 3 „Towns, to mode 
17 Disk, which Motion is octafioned by the 

; Roration of che Earth round its 25g; and every 


he Diurnal gyrarion all places deſcribe. either 
he Equatoi, or one of its Parallels; and if the 
un be in tbe Plane of the # uinoctial, or 
der; if che Plane of Æquinoctial paſſes thro? 
ie Sun, the Equinoctial and all its Parallels 


bey /will::all be Perpendicular to the Digi or 


che Raub are ſeen ro move in on the Disk : 


+ — ircle drhun which cuts the Earth, 
ind this Circle be Projected on the Disk, we 


dabitants of that place will have mid- day. 
ind when ahy place is firſt ſeen to touch the 
eſtern Limb, or edge of the Disk, the Inha- 


urifing: upon them. Bur à Spectator at tlie 
Moon will ſee the place to riſe and come upon 
the Disk, and will ſee it move. towards the 
Bal: And ab ſoon as it has paſſed the Univer- 
al Meridian, the place then being gone to the 
lt ward; the Sun ſeen out of the Earth. from 
be place wvill appear to mbve Meſtwardi Bur 
ben che — — to the Enſtern _ __e 


enter df the Sur to every ſingle Point of rhe Letters 


duced: will be perpendicular to. the Plane of the w : Fs 


Point willo haye its way on the Disk; for by 


ate in that. caſe projected into Right Lines, for 

"4 ane of the Projection. But in other: Po- 
Ftions the Projections of theſe Circles will be 105 
Hüpſes, which are the ways that! all the places 
v if tro the! Pol and the Sun there be 


mall have an Univerſal Meridian, to which The Uni. 
hen any — is obſerved to come, the In- 3 


bitants of :thar place will then ſee the Sun 
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Dia deter- 
d. 


Plate X. 
Fig. 2,3, 445 


nunder which the fame Line is ſeen from the 


Moon?s way- 


an the Dich, wards the Disk in the time of an Eclipſe, 


make in the Heavens: The Spe 
| Moox will ſee this Line ro be deſcribed upon 


ASTRONOMICA4E. 


Lecture the Disk, dur Spectator in the Moor will of! 


ſerve the place ro ſett in the Disk, and hide 
itfelf in the dark ſide; but the Inhabitants of 
that place upon the Earth's Surface will ſee 
the Sun ſett in the Feſt, and withdraw him; 
ſelf out of Sight. E i n ; 

THE bigneſs of the Disk is to be efting; 
ted: by the Angle under which: the Earth is ſeen 
from the Moon, and is of the ſame. quantity 
with the Hormon al Parallax of the Moon. And 
if from the Mon there be ler fall a Perpendi- 
eular upon the Plane of the Ecliprick, which 
Meaſures tlie diſtance of the Moon from the 
Teliptick, this Line being Parallel to the Plane 
of the Disk, will be Projected into a Line 
equal and Parallel to itsſelf, and the Angle 


under which the Projection of 'this Line ap- 


pears from the Moon, will be equal to the Angle 


Earth; for equal Right Lines at equal diſtances 


being ſeen directly, appear under equal Angles. 


 _ The Fre. The way of the Moon from the Sun, if ſuch s 
jeEion of the Fog Portion of ir be taken as is turned to- 


may be eſteemed as a Right Kine, and wil 
be Projected upon che Disk into a Right Line 
which is equal to itſelf, and irs Projection with 
the Projection of the Circle of Latitude will 
contain the ſame Angle, that theſe two Lines 
Crater in the 


the Plane of the Disk, by the Center of the 
Shadow and of the Penumbra which eoineide. 
EE now the Circle DG K repreſent the 
Disk of rhe Earth, wlioſe Semidiameter let us 
ſuppoſe: to be divided into as many parts 4s 
the Horizontal Para llau of the Moon contains 
Minutes and Seconds. 
preſent the diſtance of the Moon from the E- 
cliprick in the time of New Moon, Projected on 
the Plane of the Disk, which alſo muſt gonſiſt 
of as many parts as the Latitude of 2 
ny 69 
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and ler likewiſe K N 
pe EEE L 
EEE , both proj 427 rh LA 
1 edi 15 the aer let OF ; 
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ce has j6 


12 15 repreſent the Breac 


I dene we have hives, Shat 9 5 


at * e 
1 e ereby the a 5 
ter i 43925 Moon A5 int of ch TE #: | 
M. ar 1 


let there be detcribed another Ci 

ter V, whoſe. Semidiamerer V 
lame. Proportion to the Semidiameter of. th 
a5 the Sum of the Semidiamerers. of porh. 77 oo 
Meat heal, id the; apparent Semjdiameter of the 
Earth ſeen from the Mos. Ir, Which is the ſame, - 
to the Horizo#tal Para) allax. of the Moon; This Cir- „ 
tie will repreſent the Penumbra projected at irs — 9 
ſhorreſt Diſtance from the Center of the Disk; for 
ne have ſhewed, that the apparent Semidiamerer of 
the Peuumbra ſeen * the Moon, was equal to 
the r of: ch Sun and Moon. And 
therefore if this Gage does not couch the Disk, 
ehe can be no Eclip/, e ; that is, if the Diſtance 

be greater than the Sum of che Semidiameters 
df tie Disk ang the Penunibra, or, which i 1s the 


i 


2 greater than the donn of the Semidiameters 1 8 


ofthe Sun aud Moon and of the Hari uta arallax ... 

bf the Moot, there can be no Eclipſe. But if the Wiel 

Diſtance V I be equal to this Sum, the Tings re in 

will juft touch the Disk, without obſcuring the ofthe Barth. 

Fun, or any part thereof: Bur if V T. be le 05 

˖ dis dum, that is, if it be leſs than VM and TR, 

the Penunibra will cover ſome part of the Disk; 2 they 

ind hon that lie within the Segment RZ M 7. = ie, 

ee at leaſt a partial Eclipſe of the Sun. But 

# che Diflnc VI be leſs than the Difference of 


R 2 rhe 


* 
% 


e of 85 85 and 
I the' Shadow it ER will 
yer Be re of the $E, 5 mp ng à total teli 
-\ of the Senn ig all thoſe Pl 7 Hier; de 
total ee lie always! 


550 Jet 855 ech k pop 
125 denen Diameter of of the'Sim 
5 2 charter, Which is ſeldom'equf 
which face the Center of the 
n,the c "Sl od { fout 


' 36) 3+£143 lor of th FT 37. 0.3 


Way know the Eeliprick Lin 0 0 

Gs Limits Diſtanic 5 775 "Mick from ⁊ ra a tw 
of New Moon, fo that an ' Edlipfe of 

| may beÞ ble : for let the Circle R 0 

ſent the Disk of the” Earth, 

Projections of a Portion. of the Ecliptick, and of the 

. ede WEAY Of the Men from che Syn upon the Plane of 

an 444 the Disk: And let T V be fte leaſt Diſtance of the 

Center of the Disk and Shadow, which ſuppoſe 

equal to the Sum of the Semidiameters of the Di 

and Penumbra Then in the Rectangular Tria. 

ple K TY, we have the Side TV; which, when 

it is biggeſt, is about 945 Minutes: of 'We have ſixes 

55 t "Angle at , which, when ir is lea, 

5 Degr $and3o Minutes . from whence we hal 

find F equal | to 986 Minufes, or to 16 Degtees 

and 26 Minutes. And ſince in this Caſe th- 

7 Penumbra, ofily touches the Disk, it is plain, the! 

97-1 re ca be no Eclipſe, unleſs the New · Mon, 

„. 4's DS neater 10 tlie Node than EE Degrees ard 26 

en 29" 5 RAIN” 

Let'the Citcle R K G5 as before, repreſent the 
Disk of the Earth, A TK a Portion of che Ep 
tick projected on the Plane of the Disk, NI the 
Way of the Moon's Shadow on the Disk; 

the Latitude of the Moon, and T V the horref 
Diſtance of the Centers of the Shadow and * | 


WS. 
The Eclip- Af gen 


plate 4 
Fig. 6. 


Diameter e 


S Epgs Egge gbr 


TK and KN U 


cw 


2 
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of 


iS Ee U U 8 X S. 7 . 


t 585 Gi 0 ;Þ,Qctbe; the fenumbra m 

Fon D 98095 YER: 255 the mere 6. hich © is 2. 
us: uppc * 1 4 ime o önjune ion, 
rs WY char. 18. pr; vo ny of che 880 ow is in N, 
10 which we eg 1 Tables; by. that 
belt eans we can we. ime om 
ns th Shade is Pele haß is the Te of- To A + The Time 
ge. i of the general 1 or in 88 angled,” e of the : 
/ ns angle . d. we ary e of he Eclipſe, 
zn Moon, and FAY , Which ; | Circle of 
. Latitude 4 Ky the. Wo of. t & Moon from 
the che San; and, therefore we 81 find VN a1 JW 
four WW I V. Bur by #6: 5 9 Mien of of x he Moon from 
my be gan, we can find Gut the Time the Shadow 


{s through che ff pace NV z. and this Time 


HAVIN. 6 the Place, of the Fon in the Eclipl 
tick for any Moment of time, we can thereby find 
the place on the Surface 71 the Earth, upon which 
the Sun at that time is Vertical: For the Latirude 
of the Place is equal to the Declination of the 
Sun at that time ; and its Lengirude i is found by 
turning the zzime "from the Meridian | into Degrees „ find Fe 
zud Minutes of the Equator, allow ing: fot every Place to 
Foge 15 e 5 every Minute of an vbich the 
Hour 15, Mipntes of Degr res; For Example, cal * 
The Longirudecof,x Placy, in whoſe Vertex the 
" is, when, at Off we reckon Nine and 121 
3 


| will pa 

00 either Fandel. or fabſtracted from the Time of the _ 
WM Coojundtion,..will give the Time of the middle of 
che WW the Eclipſe. 0 de hate the Triangle Pi n 
n Fisbr-angled at V ve the Side D T, which -- e 
on is the Sum of the Semidlamerers, of. the Diet and 8 
b. Penumbre,, and. the Side T V the ſhorteſt Diſtance 

the af the Shade from the Center of the Disk; there- 

the e we can find our the Side D V, and by it the 

of me when the Shade enters the Disk ; and from 

thy thar we ſhall have the Semiduration, or half the The Semi. 
oe WW Time t 92 Eclipſe epatinges upon the Disk. Af. 4wation, 

der the ſame manner we (hall find, the Time when bes BY 
ans the Shade leaves the. HER the Tims of the Eng : 
kn of the Eclipſe. 
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to the Egft 


| before, ET K a Portion of the Ec 
Pere the Disk; on which from the 
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Plate X. 


The Eleva- 

tion of the. 
Earth's Pole 
above the. 
Du 


Fun from the Eq 
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dian, which 
poſer _ 
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balf in the Morning, is known bſtr 
and a half from 1 ny and hehe ell re 
2 Hours and 30 Minutes, Which mültiplied 
make 37 Degrees and 36 Minutes. 


by n 
And there. 
fore that Place will be 37 Degrees and 30 Minute 


74 1115 k * 


of Oxford. 
E T the Circle FR R repreſent rhe Div 4 
Ecliprick projects 
Center ered the 
endicular T R: this Line will be the ProjeQicn 
of _ Axis of the Ecliptick, and the Point R of 
its Pole. Let the Point P be the Projection of the 
Pole of the Earth: Throutzh T and the Pole f 
let us imagine a Circle to paſs, and to be projechel 
on the Disk; this Circle will repreſent hs Uni 
verſal Meridian, and the Elevation of the Pole 
above the Plane of the Disk will always be equi 
to the Declination of the Sn. For the Arch of 
the Meridian between the Sun and the Periphey 
of the Disk, is a Quadrant of a Circle; and the 
Arch of the Meridian between the Equator and 
the Pole is likewiſe a Quadrant: Wherefore tz 
king away from equal Arches the common Arch 
T P, there will remain P S, the Elevation of the 
Pole above the Disk, equal to the Diſtance of the 
uator. | 

TT is here to be obſerved, that when the Sn is 
in the Signs NV , or rather when the 
Earth is in the oppoſite Signs, the Point 8, wherein 
the Univerſal Meridian cuts the Limb of the Disk, 
will fall towards the Right Hand of the Pole of the 
Ecliptick. But when the Sun is in the other fix 
Signs, the Point S falls upon the other Side of the 
Pole of the Ecliptick, contrary to what happens 
when the Projection is ſuppoſed to be made in 1 


Plane parallel to the Disk at the Orbit of the 


Moon. 

FOR to find the Angle RTS, or the Arch of the 
Disk intercepted between the Pole of the Ecliptick 
and the Point S. In the Righr-angled ſpherical Tri- 
angle R PS, we have the Arch R P, the Diſtance 


of tl the Poles of the Ech 2888 and Equator 2.32 De- 


-grees 3 ; 
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LECTURES. = 
66s 3 alſo the Side P S, which is equal to the Lecture 
— of the Sun : Wherefore, by Trigeno- XIII. 
anetry, we may find the Side R S, or the Meaſure WW. 
of the Angle R TS. N ISIS : | 
FOR to find the Place upon che Earth's Sur- ro fd the 
face Q, where the Sus rifing begins to be in an Place of the 
Eclipſe in its upper Limb, and where the Shadow 21 + > 
enters the Disk. Draw through the Pole the Me- ed by the 
cidian P Q, ro the Point Q where the Penumbrg *exvmbres 
firſt touches the Disk. And firſt in the right lined _ __ 
Triangle D T V, having D T and T V. we may 
know the Angle DTV; te which if we add or ſub- 
ſtrat a given Angle V T P, which is the Sum or 
Difference of two known Angles VTN and 
NTP, we ſhall have the Angle QT P. And then 
in the ſpherical Triangle on the Surface of the © 
Earth SPQ, which is Right-angled at S, we 
have S? equal to the Declination of the Sun; 
and the Arch 8 Q which is the Meaſure of the 
known Angle STQ; from whence we may 
find the Arch PQ the Complemenr of the Lari- 
tude of the Place Q, and the Angle S PQ, whoſe 
Complement to two Rights is the Angle QP T 
contained between rhe Meridian of the Place 
and the Meridian of that Place to which the Sum is 
then vertical, and is the Meaſure of the Diſtance of 
the Meridian of the Place Q, from that of the Place 
which has the Sun in the Meridian at that time. 
But we know the Place which has the Sus at that 
time in its Meridian; wherefore we know likewiſe 
the Meridian or Longirude of che Place Q: Bur its 
Co-Latirude PQ was before found out. Having 
cherefore both the Longitude and Latitude of that 
Place, the Place itſelf muſt be known. 8 
BY the ſame Method we can find out the Place 
of the Earth, which is firſt involved in the total 
Shadow. And by a like Proceſs we may find out 
the Place M on the Surface of the Earth, which 
is under the total Shadow at any Point of Time, 
either before or after rhe middle of rhe Eclipſe, _ 
For the time being known, we may find by the 
Horary Motion of the Moon from the Kn, the 
K 4 Line 
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Lecture Line MV and the Point M, where the Center ci 
XIII. che Shadow lies: and in the right-lined Triangle 
MV, having M V and V, we may find 
MI and the Angle MTV; to which if you add 
bodbr ſubſtract the known Angle VT P, we ſhall have 
the Angle MTP. But MJ is the Sine of an 
Arch of the vertical Circle which paſſes through M 
and the Point of the Earth's Surface directly un- 
| der 'the Sun, the Semiidiameter of the Disk being 
The peter. Made the Radius. And therefore if we ſay; As 
mination of the Semidiamerer of the Disk is to MT, So the 
— 1144 y Radius to the Sign of an Arch: The Arch found 
the Shade, Out by this Proportion will be the Diſtance of 4 
for any gi- the Sun from the Vertex M. And therefore in m 
en Time. the Spherical Triangle on the Surface of the eg 
Earth MP T, we have PT the Diſtance of the dn th 
from the Pole, and M T the Diſtance- of tbe A 
Sun from the Vertex, and the Angle M T P. Hence MW th 

we can find MP, which is the Complement af 
the Laritude of the Place, and the Angle MPI, th 
hich ſhews the Difference of the :Meridians/of MW fir 
the Place M, and of that Place to which the Sun 
at that time is vertical; which Place by the time M th 
is known : and therefore we can find the Place M. or 
And by this Method we may find [ſeveral Places WM P. 
over which the Shade does paſs; and if they be W V 
joined by Lines, we ſhall have the Way of the i di 
Shade upon the Surface of the Earth, : de 
IHE Portion of the Diameter of the Sun ob- 
ſcured by the Moon, is known by the Situation of S. 
the Spectator within the Penumbra, or by his Di. A 
Nance from the Center of the Shade. For la P⸗ 

ASB be the Diameter of the Sun, parallel to the a 
Diameter of the Penumbra E FE; draw the Line I th 
plate x. M CB, touching the ſuperior Edges of both Sun to 
Fig · 3. and Moon; and let F C A alſo touch the inferior to 
Margin of the Sun: Then the Angle ACB is of 
equal to the apparent Diameter of the Sun; and i © 
The Portion the Triangles ACB and MC F are fimilar. th 
of the £olar Suppoſe then a Spectator within the Penumbra, u tdb 
Dis _ G.; draw the Line G C, touching the Globe 
Eclipſe, bf the Moon, which nearly paſſes through the for- F. 
S015. | . ' 2273 met th 
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mer Paint C, and cuts off A P, that part of the Lecture 


Suns Diameter, which is obſcured by the Moon; XIII. 
ta the Spectator in G. Bur the right Line GP, gy WWW 
ſuce it very nearly paſſes through the Vertex fk 
the Triangles MC F and A C B, will divide the 

Baſes AB and MF i a like. Proportion. And 

therefore AP is to AB as E G to MF; that is, 

the obſcured Portion of the Suns Diameter is to 

the whole Diameter, as the Diſtance of the Place 

from the Edge of the Penumbra, which is F. G, is 

to FM . the Semidiamerer of the Penumbra dimi- 

niſned by the Semidiameter of the total Shadow. 

IHE Aſtronomers commonly divide the Dia- The guan- 
meters of both Solar and Lunar Disks into twelve 59% i. 
equal Parts, which they call Digits; and by them mated by 
they meaſure the Quantity of the Obſcuration. Digits. 

And they ſay, the Eclipſe is of ſo many Digits, as 

the obſcured Portion conſiſts of ſuch Parts. ; 
IE we know the Poſition of any Place upon „ent - 
the Disk for any Point of Time, and it be de- the Place on 
fired to find the Phafis of the Eclipſe for that time; e #0 
as it is ſeen from the Place; it is to be found in — of the 
this manner. Let S be the Poſition of the Place Eclipſe, 
on the Disk; find out for that Point of Time, the 

Place of the Center of the Shade in its Pathz 
which let it be M. Ar the Center M, with a Semi: 
diameter equal to the Semidiameter of the Moon,. 
deſcribe the Circle AFL : Alſo at the Center 8, 

with a Semidiameter S B, equal to that of the 

Sun, deſcribe the Circle EFG, which the Circle pute x. 
AFL cuts in E and F; then EBF A will be that Fg. 9 
part of the Sun which is covered by the Moon from 

a Spectator in S. For produce the Semidiameter of 

the Moon M A through S, that AD may be equal 

to the Semidiameter of the Sun, which is equal 

to BS; and then MD will be equal to the Sum 

of the Semidiameters of both Sun and Moon; and 
therefore it will be equal to the Semidiameter of 

the Penumbra: And the Diſtance of the Place from 


the Edge of the Penumbra is S D: And becauſe 


BS is equal to A D, AB will be equal ro S D. 


Take A N equal to the Semidiameter of the bg 
#44 b an 
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Lecture and then MN will be equal to the Difference x 
XIII. the Semidiameters of the Sun and Adrox, which 
is equal to the Semidiameter of the total Shadon. 
But we ſhewed, thar SD was to D N, as A3 
| the part of the Suns Diameter obſcured wag to 
f the Suns Diameter. But AB is equal to S D, and 
DN is equal to D A and A N, which are equal 
to two Semidiameters of the Sun, or to one Dia. 
meter of the Sun. Therefore A B is to the Dia. 
meter of the Sun, as S D the Diſtance of the Place 
from the Edge of the Penumbra, is to D N, which wy 
is the Semidiameter of rhe Penumbra diminiſhed vo 
by the Semidiameter of rhe total Shadow. And 

therefore it is plain, that A B muſt repreſent the x 
Portion of the Sun's Diameter, which is then ſeen 
HENCE alſo is determined the Poſition of 

the Cuſpides, Points or Horns of the Eclipſe ; for 

by drawing the Vertical Circle T S G, the Arches 

GE, G E, ſhow the Diſtance of the Points from 

- the ſupreme or higheft Point of the Sun's Limb. 
I F the Velocity wherewith the Shadow goes 
over the Disk, be enquired for, it muſt” be ob. 

ſerved, that the way of the Moon from rhe Sun is 

The Veloci- projected on the Disk in a Line parallel and e- 
| ty of % dual to itſelf; which Line is deſeribed by the 
the Dich, Motion of the Shadow : And therefore the Velo. 
PL, city of the Center of the Shade is equal to the 
Motion of the Moon from the Sun. Now the Mo- 

tion of the Moon form the Sun, is about 307 Mi- 

nutes in an Hour; though it is ſometimes more, and 
ſometimes leſs. And therefore the ſpace, which 

the Center of the Shade moves through in an 
Hour, is about 30+ Minutes of the Lunar Orbit. 

Now the Semidiameter of the Lunar Orbit is a- 

bout 60 Semidiameters of the Earth ; and there- 

fore one Minute of the Orbit of the Moon is as 

much as 60 on a great Circle of the Earth, or as 

much as one Degree, that is, 69 Engliſ Miles. 

And therefore 30 Minutes are equivalent to 2104 

Engliſh Miles; which ſpace the Shade moves 

through on the Disk in one Hour. But * 
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be the Velocity: of the Shadow on rhe Disk, Lecum 
— Velocity whereby the Shade recedes from XIV. 
17 iven Place on the Ezreb's Surface, is leſs than ( 
y reaſon that while the Shadow moves from 
"he Eaſt ro the Weſt, all the Places of the Earth 
are likewiſe: carried by the Rotation of the ZCartzʒb 
the ſame way: And therefore following the Mo- 
tion of the Shadow: with, a flower pace, they, - - ___ 1 
jm thn the * n the be moves 1 
em. n e | 
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4: new Method of Computing 1 : 
the Sun, as they are to be obſerved * ; 
am given Place on the Earth's Surface. 


—— LTHERTO we have explained Z 
Th q al all the e Appea 1 
* a General Eclipſe, - og as 5 
* 9 at the Moon would ob- 
ſerve ; and we have ſhewed the 
Methods whereby the Beginning, be Begins 
= Middle, and End of an Univer- Babe 
fal Eclipſe may be determined. But rhis Beginning Eclipſe ca 
and End can be obſerved by only a few, who lie hb — 
_ the Edge of the Disk, where the Shadow en- ” 
In other Places lying towards the middle. of 
rue Disk, there will be no Eclipſes ſeen, till ſome- 
time after, when the Margin or Edge of the Pe- 
numbra comes to touch them. And the End will be 2 
when the oppoſite part of the Penumbra leaves them. 1 rt | 
And therefore, according to the different Situation lar Places 
of Places, the Quantity of the viſible Eclipſe will 25 crew, 
be different, -as likewiſe their Beginning, End : 
and Duration. 
THEREFORE to compute the particular 
Phaſer of « an II as it 15 to be obſerved from a 
8 certain 


—— 
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% ASTRONOMICAL 
Lecture certain Place, we muſt here explain a hew Me! 

XIV. thod; whereby, without the troubleſom and tedi. 
N ous Calculations of Parallaxes; which all the Aſtro. 
___  omers have made uſe of before, the particular 

- Phaſes may be ſnow n. 

Anew Ne- LET — the Semicirele AEB, be hal 
nne 14, the Disk of the Berth; in whoſe Cireumference is 
Phaſes for the Point E, whith anſwers to zhe Pole of the E. 
as. eliptick. And let the Pole of che. Earth, or the 

Aquator, be projected into P. Becauſe all the 
plate Xl Places of rhe Earth, being earried by the Diurnal 

Rotation, deſcribes Circles, which are the 

or its Parallels; and all the Parallels, except in the 
 #quinoxies, are inclined to the Plane of x 4 Disk, 

the Parallel Which any Place deſoribes will be pro- 

jected, into an Ellipſe, which will be the Way ar 

Path in which that Place will be ſeen to move 1 

SpeHator at che Moon. Let therefore FX II be 

the Ellipſe in which the Parallel of any Place is 

projected on the Disk: And let the Poipts in which 
he Horary Circles cut the Parallels, be likewils 
ojected-: And let theſe Points be W VI. 

IX, X, XI, XII I, II, III, IV, V. VI. "Sos 

Six in the Morning the Place on the Earth's: Sur. 

face will be ſeen on the Disk ar VI; A r the 

venth Hour is will be at VII, « of 
| Clock it will be at VIII, and fue it WA b 
in the Point IX, and ſo on. —__ 

: LET CT be a Portion of the Path of the 

Shadow received on the Plane of the Disk: And 
fuppoſe the Center of the Shade at Two of the 
Clock to be in the Point 23 at Three of the Clock 
let the Place of rhe Shadow be 33 and at Four 
let it be in the Point 4, Sc. At Two of the Clock 
the Seat of the Spefator oh':the Disk is II; and 

kherefore his Diſtance from the Center of the Sha- 
dow is 2 II: Bur if we mea ſute this Diſtance ac- 
cording to the Path of the Shatlow, we muſt. let 
fall from the Place a Perpendicular ro the Path, 


* 


which ler be II L, and the Diſtance thus eſtimated 
will be 2 L; arid; the Point L will be the Poſition 


of the Place reduced to the Path of the 1 
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is leſs than the former Diſtance at Two. Ar the 
fourth Hour the Shadow is in 4, and the Place in 
IV. All which time the Shadow ad vaflces nearer 
em the Place, till ar laſt the Edge of the Penumbra 
touches it, and then the Eclipſe will begin ab 
that Place. Ar the fifth Hour, when the Center 
of the Shadow is at 5 and the Place is in VI it 
will be there more within the Penamnbra than ir 
was before, and the Shadow will! he near the 
Place: Bur at Six the Shadow being at 6 and 
the Place at VI, the Shadow will have get to the 
aft of the Place, which is then in the Point of 
the Disk at VI; and therefore the Center of the 
Shadow hab paſſed byrthe Place, and the time of 
the ſhorreſt Biſtance between the! Center of the 
Shadow and the Place; will be berween the Hours 
of 5 and 6. After this time the Diſtance of the 
Shadow and · Place will conſtantiy grow greater, 
and at laſt the Veſtern Edge of 'the Penumbra will 
leave the Place, and there will be an End of the 
Eclipſe upon that Place. Bur by the following Me- 


thod the Beginning; Middle, End and Duration 


of the Eclipſe will be more accurately determined. 

n which account we muſt firſt premiſe the two 
Wilowing Problems,” gn. 
Pit OJ Joni: 
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e 4 Place for any given Point of Time, 


LE T the Semicircle A E B repreſent half the 
Disk, A B a Portion of the Ecliptick projected on 
the Disk, its Axis projected 8 E, meeting with the 
Peri phery of the Disk in E, which will be the Pole of 


the Ecliptick on the Earth's Surface. Let SP be the 


Line on which the Axis of the Earth is projected, 
and P the Projection of the Pole. As the Radius 
15 to the Sine of the Latitude. of the Place, fo let 


SP be to S H, and the Point H will be the Pro- 
| | jection 


Jo find upon the Dich of the Earth the Poſition © | 


Jt Thres of the Clock the Shadowr is ar 3 and Ledturd, 


Plate XI. 
F 18 · 2. 
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Lectürd jection of the Center of the Patallel, © Throug 
XIV. draw H & equal to the Semidiameter of 1 Pas 
wy rallel, or to the Sine of the Diſtance of the Place 
12885 from the Pole, which muſt be perpendicular ty PS; 
this. will be half the greateſt Ae of tlie Ellipſe 
into which the Patallel is projected. As the . 
dius is to the Sine of the Pole's Elevation above 
the Plane of the Disk, ſo let G H he to H L, and 
H L will be the leſſer half Axis of the Ellipſe. In 
G H ͤ take H Q. which has the ** Proportion 
ro'GH that the Sine of the Angle which rhe Ho. 
rary Circle and the Meridian make together, 
to the Radius; and draw QR E 
GH: Alſo riake the Propotrion, As the Radius tg 
the Co- Cie of the Angle which the Hotary Circle 
and the Meridian make together, ſo the leſſet 
Semiaxe HL to a fourth, te he laid on the Line 
QR from Q to R; and then the Polar R will be 
the Poſition of the place on the Disk required 
at the Moment of the Time girfe. 
IHE ſame tnay be done by the Help of the Ho 
rary Cif ele. Ene 295} 4. 2:13 3986 
LET -A'OB be half the Disk, P the Pole, 8 f 
te xl. the Univerſal Meridian, meeting with the Digk in 
S; and let FP O be the 2 Circle for the 
Moment of Time given. In the Right-angled Tei 
angle P G O, we have G the Elevation of the 
Pole above the Disk; and the Angle G P O, which 
the Horary Circle makes oo the Meridian, 
Whence we ſhall find out the Angle GOP, the 
Inclination of the Horary Circle to the Plane 
of the Disk, and the Arches PO and GO; and 
therefore we have the Point O where the Horary 
Circle cuts the Dick. Draw S O, which will be 
the common Section 6f the Horary Circle with 
the Plane of the Disk. Let P F be the Comple- 
ment of the Latitude of the place. And S O being 
the Radius, rake S Q, equal to the Sine of an 
Arch, whoſe Complement is the Sum of two Ar- 
ches that are known, viz. FP and PO; and let 
D be the Co-ſine of the ſame Arch whoſe on 6 


LECTURES: i 
5Q, Ar Q upon © 8 erect the Perpendicular QR, Lecture 
44 D may have the ne Proven OR, 
thar the Radius has to the Cęſus of the. Inclina- pA? 
non of the Horary Circle to the Plane of the Disk, 
and R will be the Point which was defired, and 
hews:the Poſition of the place on the Disk for the 
Time given. 1 

The ſame thing may be likewiſe ſound out this 
way, Calculate (by the Problems demonſtrated in 
the Spherzeal Doſtrine, and in the Problems to be 
found where the Uſe of the Globes is taught) for 
the Moment of Time given, the Suns Altitude, 
and the Angle between the Vertical and Hour - Cir- 
ele at his Center, and make the Angle RSP equal 
thereto; and take SR equal to the Sine of rhe Plate I 
Complement of the Altirude, or the Sineof his Di- F · 20 
Rance from the Fertea, S E being the Radius and 5 lj 
then R will be the Point required. By the ſame | | 
Methods for all other different Moments of Time; 
we can find out other Poſitions of the place on the 
Disk. The Demonſtrations of all theſe Practices 
are eaſily deduced from the Laws of Orthograpbicat 
Imjection. 1 1 | 255 
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PROBLEM 1. 


n 

x % nav 

f 55 on Eclipfe the Poſition of the Center of © _ 

* I © te Shader an the Dick, fer any given Time. 
E 

E 

i 

[ 

- 

\ 


Let A EB, as before, repreſent the Semidich, SE Plate . | 
the Axis of the Ecliptiek, C FT the Path of the FS „ | 
Shadow while it paſſes over the Disk; and let it 
cut the Axis of the Ecliprick in N. Now when 
the Center of the Shadow is in N, then is the true | 
Conjunction of the Sun and Moon, whole Time 
is known by Aſtronomical Tables. We have like- | 

. wile by the ſame Tables the Horary Motion of | 

the Moon from the Sun, Say, As the Horizontal | 
Parallax of the Moon is to the Horary Motion of | 

. the Moon from the Sun; ſo is the Semidiameter of 

ö the Disk to a fourth Line M: This will be the 

ſtace which the Shadow moves through ape BY 
isk 


1 
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:LeQure Disk in an Hour. Then ſay, As one Hour 7 Pac 

XIV. the Time between the Conjunction and the Time ide 

for which the Poſition of the Shadow is ſought; 

| ſo is the Line M to a fourth; this Line will ſhey 

the Diftance of the Shadow in its roper Path, 

from the Point of Conjunction N, and conſequent; 

1y the place of the Shadow for the Time gives 

Suppoſe the Hour which initediately precedes the 

(Time of Conjunction, to be aty Hour you pleaſe, 

For Example, let ir be the fourth Hour; Say, As 

one Hour is to the Time between the fourth Hour 

and the Time of rhe Conjunction, ſo let the Lite 

M be to another, which is N 4; and the Foint g 

3 will be the Poſition of the Shadow at four of the 

| Clock. Takerlikewiſe 4 3, 3 2, 4 5,'5 6; eachs 

qual to M; and the Points 2, 3, 4, 5, 6, will 

ſhew' the place of the W at th | 
4, J and 6. 


——— 
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Shadow at the ker 
| N 855 ; 7 Soy Nel — 7 N 2241 
; „ THESE things being premiſed, let AEB be 
| half the Disk, as before, CT'the Path of the Sha- 
6 5 dow upon the Plane of the Disk, which the 4xis 

of the Ecliptick cuts in N; and when the Sha. 


1 I; this by applying to a Scale of equal Parts, 1s 
| | do be meaſured, and taken in Numbers, and from 
'| | thence deduct the Semidiamerer of the Penumbra 
| | 'meaſured by the ſame Scale, and we have the 
| ' Diſtance of the Place from the Edge of the Pe- 

| , e 11 od 2 

| 3 | A Two of the Clock, after the ſame manner, 
| - take the Diſtance of the Edge of the Penumbra 
from the Place which is then in II; the Difference 
of theſe Diſtances, ſince the Edge of rhe Penumbrs 


is in both Caſes more Weſterly than the placy, 


\ 
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the Appropinguation or relative Motion of the: Lechute 
Place to the;Shadow in one Hour. Say then, As XIV. 


| the Appropinquation of the Margin of the Penum- wy 


ba to the place in one Hour is to the Diſtance of. 
the laid Margin from the place at Two of the 
Clock, ſo one Hour is to the Diſtance of Time 
tom Two till the Beginning of the Eclipſe; 
which time added to the ſecond Hour, ſhews rhe 
time when the Eclipſe begins. A tub ann 
FRO M the Poſition of the place at II, to the. 
bach of the Shadow, ler fall the Perpendicular, '.,. 
IIs : And becauſe the Center of cke Shadow is at ion ky ak 
2, the Diſtance of it from the place reduced to the Tine of 
Path, is 2 4. Alſo at the third Hour the Poſition 2 
of the place being III, let fall from thence a F 
pendicular III?“ on the Path; the Diſtance of the 
Shadow from the place reduced is 30: the Dif- 
ference of theſe two Diſtances is the Acceſs of the 
Shadow to the place reduced, in the time of one 
Hour. Meaſure this Difference with a Scale, and 
by the Rule of Proportion ſay, As the Acceſs of 
the Shadow to the place reduced in one Hour, is 
to the Diſtance of the Shadow and Place reduced 
at Three of the Clock; ſo is one Hour, or 69 
Minutes, to a fourth Time; which time added to 
the third Hour, gives the time of the middle of 
the Eclipſe, or of the greateſt Obſcuration. 
A four of the Clock the Center of the Sha- 25 -,1-114. 
dow is in 4, and the place in IV; and becauſe 4 IVM tion of the 
is leſs than the Semidiameter of the Penumbra, iy 4 the 
ſubſtract it from the Semidiamerer, and there will —__ 
remain the Diſtance of the place from the Edge 
of the Penumbra. Again, at Five of the Clock 
the Shadow is in 5 and the place in V; and their 
Diſtance is 5 V, which is greater than the Semi- 
diameter of the Penumbra; and therefore the 
Weſtern Edge of the Penumbra is now more ad- 
vanced towards the Eaſt than the Place is; and 
therefore before that time the Penumbra has quitted 
the Place, and the Eclipſe at an end. From the 
Diſtance 5 V, ſubduct the Semidiameter of che 
Penumbra, and there will be left the Diſtance be- 
tween 
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Lecture tween the Place and the Weſtern fide of the br 
XIV. numbra : And becauſe, in the former Caſe at Font 
WY WV of the Clock, the Edge was Weſtward of the place 
and it has now got to the Eaſt of it, the t. 
lative Motion of the Penumbra and Place my} 
be eſtimated by the Sum of theſe two Lines or 
Diſtances, Say then, As the Sum of theſe two 
Diſtances is to the Diſtance of the Edge of the 
Penumbra from the piace at the fourth Hour; ſo 
is one Hour to a fourth Time; which Time ad. 
ded to 4 gives the Time when the Penumbr, 
— the Place, or it will ſnew the End of the 
Eclipſe. „ t 
HE Motion of the Shadow in its Path is e. 
quable, at leaſt all the time of an Eclipſe it may 
be eſteemed equable. But the Motion of a Plate 
upon the Disk is no ways equable, but toward 
the Edge of the Disk it is ſlower; when it comes 
towards the middle, it goes through larger ſpaces 
in equal time. Moreover, our Calculus ſuppoſes, 
that the relative Motion of the Moon and Shadow 
are equable; and the middle of the Eclipſe, or 
greateſt Obſcuration, ro be where the Line which 
joins the Place and the Center of rhe Penumbra, is 
perpendicular to the Path of the Shadow; nei. 
ther of which is preciſely true, and therefore there 
will ariſe ſome ſmall Error; but it way be cor- 
rected in this manner. Ar the time of the Begin. 
ning of the Eclipſe, find out the place of the Sha- 
dow, and likèwiſe, for the ſame time, the Situa- 
tion of the place upon the Disk. At the Center 
of the Shadow, with a Diſtance equal to the Se- 
midiameter of the Eenumbra, deſcribe a Circle; if 
this Circle paſſes through the Point the place is in, 
then is the Beginning of the Eclipſe rightly deter- 
mined. But if this Circle does not paſs througb 
the place, note the diſtance of the place and the 
Peri phery, and take the relative Motion of the 
place and Margin of the Penumbra for half an 
Hour; and work again by the Rule of Proportion, 
as before, and we ſhall then have the true time 
of the Be ginnir g of the Eclipſe. And by 5 

11 7 | wh | Me 
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Merhod we may correct the Error, that may ariſe Le 
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Qure 


in computing the End of the Eclipſe. And by XIV. 


this means we may have the Beginning and End 
of Eclipſes as - accurately as by the common MeL 
thod, which is by a troubleſom Calculation of the 
'paallaxes ; whire' they likewiſe ſuppoſe, that the 
vihble Motion of the Moon is equable for a cer- 


uin time; which, nevertheleſs, is as unequable 


25 the Motion of a place upon the Disk is. 


It about the ime of the middle of the Eclipſe: 


WI 


at the Center of te Shadow a Circle be deſcribed, 


whoſe Radius is qual to the Semidiameter of the 
Mon: And if ikewiſe we deſcribe another Cir- 
cle, whoſe Cener is the place of the Spectator, 
and whoſe Rediuns the Semid iameter of the Sun; the 


Interſections of theſe two Circles will ſhew the 


Phaſis at the greiteſt Obſcuration. | a 
I F there be ſane who are not pleaſed with this 


The lane 


formed 


mechanical way of meaſuring Lines and Diſtances 2% 55 8 


by a Scale, they may compute all the Lines by Tri 


Trigonometry, in he following manner. As before try. 


et AEB be the Disk of the Earth, P the Pro- 
jection of the ole, CN T the way of the Sha- 
dow, the Point2 its Poſition at Two of the Clock; 
and, for the ſane time, let II be the Situation of 


the place of the Spectator. Let S E be the Axis 


of the Ecliptick which cuts the Path of the Sha- 
dow in N; S N will be the Latitude of the Moon 


Fig. 5 


at the time of the Conjuncttion. From the Cen- 


er of the Shadow and the Place draw the Lines 28, 
18, to the Center of the Disk, and join 2 II: 
hen in the Righr-lined Triangle 2 NS we have 
NS the Latitude of the Moon, and 2 N its di- 
tance from Conjunction at Two of the Clock. 
We have likewiſe the Angle 2 NS, which is the 
nelination of the Path to the Circle of Latitude: 


berefore we can find out 2 8 and the Angle 


SN. Again, in the ſpherical Triangle PS II. 
© have the fide PS the Complement of the Sun's 
eclination, and PII rhe Complement of the La- 
tude, rogether with the Angle SP II, which is 


aon by the Time; by which we can find the 
x: L 2 


Arch 


Lecture Arch S. II, which is the diſtance of the Sun from 

ss the diſtance SII, SE being made the Radius; 

EW we may alſo find the Angle: P SII; ro: which if 

we add, or take away the known Angle PS E, ue 

ſhall have the Angle NS II. But the Angle 

PNS was found out before; wherefore we hae 

„ the whole Angle 2 S II. Laſtly, In the Right. 

| lined Triangle 258 II we have the two fide 

25S and IIS, and the Angle contaned between the 

| two ſides; and therefore by plan Trigonometry 

we may find the fide 2 II, which vas to be found 

aut. Proceeding by this Method, there is no need 

for inquiring into the Poſitions of Place and Sha. 

dow on the Disk; for they are to pe found our by 
a Calcylus without Protractio .. 


* - 


o find be I HE Longitudes of places on tle Surface of the 
1 Earth may be found out by Obſerations of Eclip- 
obſerva-· the Sun, as well as by thqdſe of the Mom, 
tions of So- pig. if we obſerve in that place whoſe Longitude 
r kcipſes is wanted, the Moment of time when the Eclipſe 
begins or ends: Let that, for KRample, be a 

Five of the Clock; and at the Ceiter V, with a 
Diſtance equal to the Semidiametei of the Penum- 
I bra, deſcribe an Arch of a Cirele cuting the;Path 
of the Shadow in d, that Point d will ſhew: the 

place of the Center of the .Shadow at that time. 

| Meaſure the Diſtance Nd with 'a Scale, which 
being given, together with the Moron of the Mom 

from. the Sun, we ſhall find the time, in the place 

of the Obſervation, when the true Conj unction 1s 
celebrated. In like manner, by an Obſervation 

in any other place we may find when the ſame 
Conjunction is celebrated according to the time 
computed from the Meridian of that place; aud 

the Difference of thoſe times being turned int 
Degrees and Minutes of the Equator, will ſhe 

the Difference of Longitude between thoſe rw 

I N Practice it is convenient to make the Semi 

diameter of the Disk ten Inches, that it may be 
divided by a Scale into a 100 parts, which 


don: 


0 


place 
ion 18 
vation 
ſame 
time 
; aud 
inte 
ſhe 

tw. 
demi 
ay be 
ich * 
don: 
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oo 2 $24 01,19 $101 91 ng 16 -rad 
gone by the Help of a Diagonal Scale; for this Le 


Number is the J bular, Radius: : And. ler S N. the 


Latirude of the , Moon, and all the Eines whoſe Pi- 
menſions ate neceſſary to be known, be expreſſed. 


by the ſame parts, For if ic BR i 
ral Parallax of the Moon, whic] 

ſtronomical Tables in Minutes and Seconds, is to 
the Moon's Latitude, oi 1co5tg a f urth Num- 
ber. And then we take the Line SN out of the 
Seile, whoſe Dimenſion is expreſſed py this fourth, 
this Line will repreſent the Latitude of the Moon. 
And in like manner we are to operate for to find 
our the length of the way the Shadow advances in 
an Hour in its Path. And now we have ſnewed a 
new way by which the Times and Phaſes of an 
Eclipſe are to be defined, as they are to be ſeen 


is expreſſed in a. 


„ 


. = 
ts S * 
3 ” + v „ 
1 

8 


1 
8 98 
MAL . 
i „ 


from a particular place, which does nos require a 
the 


frequent or repeated Calculation of the Paralax, 
for to have the viſible place of the Moon in the 
Heavens, both as to Longitude and Latitude; 
which Method is received. by moſt Aſtronomers. 
But our Method is much eaſier, and, as I think, 
no leſs accurate. For in the common Method the 


different Poſitions of the Ecliptick in reſpect o 
the Horizon,, which are always, changing, will -.. 


produce great Inequalities in the, Moon's Moti6n, 


and will make her conſtantly alter her place, both 
as to Longirude and Latitude: So likewiſe as the 


Moon aſcends or deſcends, the Parallaxes will al- 
ways be changeable; and except we often com- 


pute them, it will be bard to eſcape falling into an 17 


Error. | Sn we 

BUT becauſe the Methad of computing Eclip- 
ſes by Parallaxes. is that which is generally made 
ule of by the Aſtronomers, it will be convenient 
likewiſe to explain that Merhod. - And hers .I 


ſuppoſe the Reader to be already inſtructed. in the 


Doctrine of the Parallaxes, either. by other 
Aſtronomical Books, where it is explained at length; 
or by what we ſhall after this ſay upon that Sub- 
ject: And that being underſtood, the Principles on 


Which the Calculation is founded are eaſily appre- 
WEN => Da : hended, 


Lecture hended, though the Practice of the Rules is yep 


© 


| NIV. difficult and tedious =» | 
. FIRST of all the viſible Con unction, and the 

8 Way the Moon is then to take in the Heavens, ate 

mo tit be determined. For in this caſe the true and ij. 

747 { of ſible Conj unct ion are very different both as to their 

| the dun. Times and Places. The true place of the Moy 

| is that which is ſeen from the Center of the Earth 

the viſible Place is that which is ſeen from our Hz. 
bitation on irs Surface. Let the Semicircle ABC n. 

preſent an Hemiſphere of the Globe of the Earth, 

whoſe Center is T ; from whence draw the Right 
Line TLS through the Moon at L, and the Sun 
at S at a much greater Diſtance; and therefore 

| ince the Centers of the Sun and Moon are ſeen in 
the ſame Right Line from the Center of the Eart,, 
plate XII. they will AI 5 in the ſame Point of the Hes. 
Fig. 1. vens, and they will be in true Conjunction. But x 
Spectator, on the Surface of the Earth at A, will ob- 
= ſerve the Centers of the Sun and Moon in di. 
[|  _ tink Points of the Heavens, their Diſtance being 
the Arch SE. The Point where the Right 
Line TL drawn through the Centers of rhe Earth 
and Moon meets with the Heavens, is called the 
true Place of the Moon. Bur where a Right Line 
paſſing through the Eye of the Spectator on the 
The Moons, Surface and the Center of the Moon meets with 
ble Place. the Heavens, that Point is called the viſible or ap- 4 
en place of the Moon. Let theſe Points be the 
S and E; the Arch SE, which is the Diſtance be- H 
T6. tween the true and apparent place, is called the iich 
— -ro0gy Moons Parallax. Now becauſe the Points T and pla. 
| L, in reſpect of the immenſe Diſtance of the fixd de 
| Stars, coincide, the Arch SE will be the ſame, and 
| „whether its Center be conceived to be in L, or in in 

T; and therefore the Arch S E is the Meaſure af vit 
the Angle SLE, or of the Angle ALT, which is uu 
equal to it. Bur the Angle AL T is the Angle * 
under which the Semidiameter of the Earth AT, wh 
| drawn thro* the place of the Spectator, is ſeen from Mi; c 
| | the Moon: And therefore the Parallax of the Mon Wl the 
is always equal to this Angle. And this Angle'®s Ee 
| | | | = bog Who 


| 


1 


be Moon's 
true Place. 


bi eſt, 
— the Moon; 


when the Semid 


therefore the HoriZontal Parallax is greateſt 
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iameter is directly ſeen Lectuer 


for then the Angle LAT is a XIV. 


W Nd 
* 


Right Angle, and the Moon is ſeen in the Horizon, WW NJ 
an 


of all. Bur if the Moon ſhould be in the Vertex E, 

the Angle ALT would there vaniſh ; and the 

Moon s true place would coincide with its appa- 

rent place, whence there would be no Parallax. _ 
SINCE the Paralax of any celeſtial Body is 

always equal ro the Angle under which the Semi- 

diameter of the Eareb, paſſing through the place The Sun 


s u Pa- 


of the Speftator, 1s ſeen from that Body, there lar. 
will be no ſenſible Parallax of the Sun. For 
2 I have frequently ſaid, the Earth ſeen from the 
Sun appears no bigger than a Point, and under 


no ſenſible Angle: But the Moon when it is in the 


Horizon has a ſenſible Parallax, and ſometimes it 
is 1171277 a Degree. 


ENCE it follows, t 


* 


hat the Parallax always 


ſhews the Moon more depreſſed, or at greater Di- 
ſtance from our Vertex than it really is: This De- 
preſſion will change its place according to the E- _ 
cliptick, and make the Moon appear to have a 


Longitude and Latitude different from what it 
has when ſeen from the Center of the Earth. For 


P late XII, | 


in the Figure, ler the Circle HC Z be the Meri- Fig. 2. 


dian, or the Circle paſſing through the Vertex of 
the Sectator and the Pole; ler Z be the Vertex, 
HED the Horizon of the place, CE the Eclip- 
tick, in which let the Moon according to its true 
place be in L, without any Latitude; let ZT 
be a Vertical Circle paſſing through the Moon; 
and becauſe the Parallax always depreſſes the Moon 
in the Vertical, the apparent place of the Moon 


will be further diſtant from the Vertex Z than the 
true place is. Let the apparent place be O, and 
ſince the true place is L, the Parallax will be LO; 
which being in the Vertical or Circle of Altitude, 
is called the Parallax of Altitude. Through O let 
there a Circle paſs which is perpendicular to the 
Ecliprick, meeting with the Ecliptick in m, that 

Point will be the apparent place reduced to the 


L 4 


Ecliptick, 


133 ASTRONOMICAL 
Lecture Ecliptick, and the Arch Lm is called the Pajalley 
XIV. of Longitude, and Om the viſiblẽ Diſtance of the 
* Moon from the Ecliptick, is called the Moon's Pi. 
rallax of Latitude. For determining the Phaſe 
of Eclipſes, as they are ro be ſeen from a given 
place, it is neceſſary to know at that time the 
true places of the Moon and Sun, which may be com. 
nes by Aſtronomical Tables for any given Mo. 
ment of Time. Moreover, we mnft know the 
apparent place of the Moon, which is to be deter. 
mined from the true place, by a Compurarion of 
the Moon's Parallax ; which being premiſed, the 
Times and Phaſes are thus found our. 
LET pk be a Portion of the Ecliptick, S the 
place of the Sur therein, at the time of the true 
Conj unction; and I rhe apparent place of the Mon 
reduced to the Ecliprick ; Jo the viſible Latitude 
of the Moon, and 1 S will be its viſible Lon- 
Plate XII. gitude from the Sun. Ar a ſmall portion of time be. 
Fs: 3. fore the true Comñfunction, find out again the viſible 
place of the Moon in the Ecliptick, which let it be 
A Calcule- at p, and let p q be the Moon's viſible Latitude: 
4 ite Draw qo which produce, and let it meet with the 
clipſe, Escliptick in &, and 4 K will be the vifible way of 
„the Moon from the Sun at the time of the Con- 
Junction. In the Triangle 40 u, Righr-angled ary, 
we have o n the difference of Longirude of the Mom 
from the San in p and 1, and 7 the difference of 
Latitude, whereby we can find the Angle 40 n, ot 
gk pP, which is equal to it, and which is the Inclina- 
tion of the vifible way of the Moom ro the Eclip- 
tick: from thence alſo we can find the ſide 90 
and by them we can find the Lines or, r K, Sk 
and St. For p“ is to go, as ls is to ot: And 
in the Triangle o / k, by having o! and the Angle 
k, we can find o k and 1K, and thereby IK, Sk, 
and St. Now when the Center of the Moon 1s 
ſeen at t, then is the viſible Confunction of the 
San and Moon. And therefore we ſay, As 40 1s 
to ot, or as pl is to JIS, ſo is the Time that the 
Moon moves through the ſpace 9 o, ro the Time it 
moves throngh of; and then we ſhall have the 
e 1 - 3 2 : time 
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cle between the true and viſible conjunction. I. 


pendicular S m, and in the Righr-angled Triangle 


Sn, we have S Kand the Angle K; therefore 
we can find out S m, which is the leaſt viſible di- 
ſtance, or the neareſt Approach of both Sun and 
Moon. If this diſtance be greater than the Sum 
of the Semidia meters of the Sun and Moon, there 


will be no Eclipſe viſible in that place ; bur if it 


be leſs, the difference reduced into Digits will 


ew the Quantity of the Eclipſe. Having the 


fide S m, and the Angle ? S m, which is equal to 
the Angle K, we can find out the Line mn, and 
thence the time the Moon, in her viſible way, takes 
to deſcribe the Line : m, which is the time be- 
tween the viſible Con undtion and the Moment of 
greateſt Obſcuration. „ | 
THE Beginning of the Eclipſe is thus deter- 
mined: Let p k be a Portion of the Ecliprick, as 
before; S the Center of the Sun; let K be the 


viſible way of the Moon, S m its ſhorrett, diſtance 

, 'y ; ; y FSFE +213 * - . 4 * * 

from the Sun. Draw from the Sun to the way of Beginning 
an nd 0 
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From S upon the way of rhe Moon let fall a Per- XIV. 


Plate XII. 


Fig. 4. 


A Calcula- 
ion of tbe 


the Moon the Right Line 3% equal to the Semi- 4 Zeig 


diameters of both Sun and Moon: And then when 
the Center of the Moon comes 20 %, the Eclipſe: 
will begin to be viſible, and the two Margins of 
the Sun and Moon will ſeem to touch one another. 
In the Rectangled Triangle q 5 m, we have the 
fide S 4, equal to the Sum of the Semidiameters of 


the Sun and Moon, and S in the neareſt Approach 


of their Centers; from whence we can find out the 


Angle q S m the Angle of Incidence, and allo the 


fide qm; and thereby we have the time wherein 
the Moon deſcribes the Line m, and from thence 


the time between the Beginning of the Eclipſe 


and the time of the greateſt Obſcuration. 


'AFTER the ſame Method we may find the 
time of the viſible End of the Eclipſe. Bur here 


we muſt begin again, and compute a-new by the 


Parallaxes the viſible way of the Moon from the 


Fun, after the Confunct ion, which will not be the 
ſame it was before. For the Inclination of the 
EE viſible 


— IIS" rn ay—_——_y 


* 
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Lecture viſible way is conſtantly changing, becauſe gi 
XIV. Quantity of the Parallax is in a perpetual Flux, av 
be Moor riſes and falls in Altitude. Seek "theres 
fore, about an Hour after the Con unction, the viſi⸗ 
ble Longitude of the Moon from the Sun, and its 

viſible Latitude, and from them compute the In» 

clination of the Moon's way from the Sun; -which 

being found, by tlie ſame Method we found the 

time of the Beginning of the Eclipſe, we may like. 

wiſe find the time of its End, - e 

1 Deter- IF the Phaſis of an Eclipſe for any Moment of 
mination of time be required, find for that time the place of 
= Bar the Moon in her viſible way, and at that Center, 
ment of and with a diftance equal to the Semidiamerer of 
Nine. the Moon, deſcribe a Circle; likewiſe at the Cen- 
ter S, with a diſtance equal to the Semidiameter 

of the San, deſcribe another Circle; the Inter- 
ſections of theſe two Circles will ſhew the Phaſit 

| of the Eclipſe, and the Quantity of Obſcuration, as 
alſo the Poſition of the Cuſps or Horns. 
BEFORE we make an eid of this Doctrine 

of Eclipſes, it will be requiſite to explain one no- 

table Appearance, and to ſnew the Reaſon of 


* | | 
IN Total Eclipſes of the Moon, even when 
ſhe is near the Center of the Shadow, her Body is 
frequently ro be ſeen of a pale and languid Colour, 
which could not be without her being illuminated 
with ſome Light ; and ſome will wonder from. 
whence ariſes this Light. Some ſuſpected that it 
was the native and proper Light of the Moon her 
ſelf. Others derived it from the Planets and Stars; 
for the Interpoſition of the Earth intercepts all 
the Light of the Sun, and ſeems to bring a thick 
Darkneſs upon the whole ſpace taken up by the 
Conical Shadow. But we muſt conſider that the 
Earth is ſurrounded with a Sphere of Air of a 
conſiderable, Depth and Denſity, which has a re- 
fractive Power, whereby it turns the Rays of the 
Sun out of their way when they fall upon ir, and. 
makes them enter the Conical Shadow ; which 


therefore will be illuminated by that ſmall Quan- 
| 1 | tity 
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try of Light which falls obliquely on our Atmo- 


ſphere, and imparts to all the Bodies within it 
a faint Light, the which will illuminate rhe 
Moon, even when it is in the midſt of the Shadow, 
and make it viſible to our Eyes, as the Figure 
ſhews. ah Ia 


the Phznomena or Appearances ariſing 
from the Motions of the Earth, and the 
two inferiour Planets Venus and: Mer- 


* 


—— 
— 


plated the Motions of the Earth 
and Moon, and have given an Ac- 
count of many Appe 
ariſe from them. The 
— is no primary Planet, but a ſecon- 

ry, which does no other ways go rbund the Sun 
the true Center of our Syſtem, than by accom- 


panying our Earth to whom ſhe properly belongs, | 


in her annual Courſe round the Sun. 
BUT the Chief and Primary Planers of our 


, 


Syſtem, which perform their Circulations round ary Pla- 
the Sun, without regarding any other Body, are nets. 


in Number fix, vix. Mercury &, Venus Y, the 
Earth ch, Mars &, Jupiter I, and Saturn h, whoſe 
Motions and Appearances are now to be explain- 
ed. And, firſt, we have already demonſtrated, 
that the Orbits of Venus and Mercury include the 
Sun, and that they are included within the Orbit 
of the Earth; and ſince they finiſh their Circula- 
tions in leſs time than the Earth does, it is ma- 
nifeſt that theſe Planeta ſeen from the Sun, will 

appear 


» 


ITHERTO we have contem- 


arances thar 
Moon indeed 
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1dure appear in the Heavens ſonietimes nearer, and 
XV. © ſometimes further from the Earth; and that ſome. 
YV times they may. from, thence appear in, the ſame 
„Point, and ſometimes in , oppoſite Points of the 
Heavens, with the Earth. And becauſe Venus and 
Mercury are carried faſter about than the Eau, 
a Spectator in the Sun, after ſeeing either of them 
in Conjuniion with the Earth, will ſee - tt: recede 
from the Earth, which follows with à flowet Ne. 
tion, and get by degrees a good way to the EAA 
. of rhe Sun. ry 1 1 1 
I AS theſt Planets, ſeen froth the Sun, change their 
Poſitions in reſpect to the Earth, fo likewiſe we 
ſeeing them from the. Earth, (obſerve that the 
change their. Poſitions in reſpect to the Sun, and 
are lometimes nearer, ſometimes further removed 
from him"; and fometitnes they appear in Ca. 
| junction with the Sun. Bur the Conj undtiont of 
Two Caſes theſe Planets ſeen from the Earth, do not only 
— happen when the Earth and they are ſeen toge- 
ther in Conjunction from the Sun, but alſo when 
a Spectator in the Sun ſees the Earth and them in 
Plate xIll. Oppaſition: even then the Sun, and they ſeen 
PE: 1. from the Earth, appear to be in Conjunction. Far 
let $ be the Sun, AB C the Orbit of the Earth, 
FH V, the Orbit of Venus; and let the Barth be 
in T and Venus in V, in the Line which; joins 
the Centers of the Earth and Sun: In this Po- 
ſition Venus ſeen out of the Sun is in Conjunctim 
with the Harth, as the Sun from the Earth is ſeen 
conjoined with Venu. Wc $16 
BUI if the Earth were in T, and Venus in F, 
a SpeHator in the Sun will ſee Venus and the Earth 
8 in ' Dppobrion or in oppoſite Points of rhe Hea- 
vens. Bur a Spectator in the Earth will ſee Venus 
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not in Oppoſition to the Sun, but in Conjunttiop 
with him. In rhe firſt Caſe of theſe Conjuntizon 
Venus is between the Sun and the Earth; in the 
other the Sun is ſituated between the Earth and 
Jenus; and Venus goes above the Sun: the firſt 1s 
called the inferiour Conſunct ion, the ſecond the 


ſuperiour. | 
leber AFTER 


— aw — 44 a _ 


3 


. 
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IETER either of theſe 400} lanes; of: * Le 
gions Venus will ſeem daily to remove further 822 
from-::the. Neighbourhood of the Sun, and will A 
daihj ſeem to get further off from him. 3; but; ſtill 

ſhe keeps within certain Bounds, for ſue never 

comes to de oppoſire ta the «Sup nor; pes ſhe 

even arrive at Quadrantile Aſpect, which is 90 De« | 
grees, or a" Seætile Aſpett, which is 60 Degrees =_ 
diſtapr from the Sun. And Venus is ſeen. A — i 
greareſt diſtance: from the Sun, when 8 | | | 
which joins her Center with the Earth) — | | 
the Orb of Venus, as about D. For when this [| 
Planet is further advanced to H, its place in the v5 
Heavens is ſeen to be nearer to the Sun than it 7 
was before at D. No before ſnie came to D, ſhe | 
always receded more and more from the/Sup, And | | | 
after ſhe: has left D, ſhe-every Day comes nearer 

to the Sun: It is neceſſary; that between the times 

of her Receſs and Approach, ſhe become ſtatio- 5 


nary in reſpect to the Sun, and for ſome time Planet f 


appear to keep the ſame diſtance from bim; ay tbe Sun. 
which time the viſible Motion of Venus will be e- 
qual to that of the San. The Arch of a great 
Circle intercepted: between Venus andi the; Fun, is 
called the OIL of that Planet from the 


Sun. 7 73 190 ad 


BU r here 3 it is to be obſerved; that. nk. a The Elon- 
pation 15 not 


Circle, which has the Sun for irs Center; - the aways 


greateſt Elongation-happens, when the Right Line greateſt 

F, which joins the Earth and Planet touches. For in _ mY 
oof an Elliptick Orbit it may be, that the Elonga- teucbing the 
* non from the Sun may grow (till greater, even af- . 
i ter it. has left the place where the Line; joining“ t. 
* the Earth and Planet touches its Orbit. For af- 
wh ter that, the true diſtance of the Plaue: from the 
he un may increaſe, whilſt the diſtance of the Sun 
* and Planet from the Earth does not increaſe, but 

A they may rather decreaſe. And therefore in two 

he Triangles the greater Baſe will ſubtend the | grea- 

| ter Angle. Bur becauſe the Orbits of the Planets 

R are nearly cireular, ſuch ſmall differences may be 

| _ neglecte d. 1 N 
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ASTRONOMICAL 
air THE greateſt Elongation of Venus is folln 
* * oy Obſervation to be about 48 Degrees, by r. 
in a circular Orbit we may know the diſtance of 
Venus from the Sun in reſpect of the Earth's di. 
ſtance from the ſame : For ST is to S D, as the 
Radius is to the Sine of the We STD, which 
is the greareſt Elongation. ul 

HENCE alſo it is manifeſt, that Se, * 
the time of her ſupericur Cenfundt ion, where ſhe 
is furtheſt from the Earth, to the time of her in. 
feriour  Confunion with the Sun, where ſhe. ap- 


than the Sun; and all that time Venus ſets later 
than the Sun, and is ſeen after Sun-ſerting ; and 


being a Fore- runner of Night and Darkneſs, 
But from the inferiour conjunction, till ſne comes 


de ro the Weſtward of the Sun, and conſequently 
18 muſt ſet before him in the Evening, and riſe be- 
fore him in the Morning, and then ſhe is only ta 
be ſeen before Sun-rifing 53 when ſhe is called the 
Morning - Star or Phoſphorus, her Appearance fore. 

1 that Light and Day are at hand. 


bone td be at V, the other in 

Pioint of the Ecliptick: In which Poſition Venus 
and the Sun are ſeen from the Earth likewiſe in 

Conf unt ion. After this, Venus circulating faſter 

than the Earth; being come again to V, and ha- 

ving finiſhed her Courſe, and by an angular Motion 

round the Sun deſcribed: four Righr-angles, will 

not have overtaken the Earth; who in the mean 


And therefore Venus muſt ſtill move further on to 

come in a Right Line between the Sun and the 

Earth, Let S L M be the next Right Line in 

which Venus is ſeen from the Sun together with 

the Earth, ſo that Venus may be in L when the 

. Earth is in M: now before Venus can overtake the 
EP Earth, ſhe muſt not only finiſh her whole Circula- 
tion 


proaches heareſt ir, is always ſeen more Earfterh | 
then ſhe is called the Evening - Star or Veſperus, 


again to the ſuperiour, ſhe is always obſerved ta 


T us now ſuppoſe Venut and the Earth 
to be ſeen out cf the Sun in e er and the 
„ in the ſame 


time has proceeded further in her proper Orbit. 


. 


„ „ ee 
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tion or four Right-angles, bur alſo ſp niuch angu- Leue 

lar Motion more as the Earth has made in the XV. 

mean time round the Sun. Now the angular Mo- (Gyn 

tons of Virus and the Earth performed in the > 4 

fame time, are reciprocally as the Periodical Times 

of Venus and the Earth, And therefore as the Pe- The mne 

riodical Time' of the Harth is to the Periodical between two 

Time of Venus, ſo is the angular Motion of Venus c. 2 

(which is equal to four Right Angles, and more-ſame ind. 

over to the angular Motion the Earth makes from 

the time of one Confunttion to the next) ro the 

angular Motion of the Earth. And therefore by 

Diviſion of Proportion, As the Difference between 

the Periodical Times of the Earth and Venus is to 

the Periodical Time of Venus, ſo are font Right 

Angles to a fourth Quantity; which ſnews the an- 

gular Motion of the Earth from the time of her 

Conjunftion with Venus, ro the time of the next 

com unction of the ſame kind. Now the Periodical 

Time of the Earth is 365 Days and 6 Hours, or 

$766 Hours. And the Period. of Venus conſiſts of 

224 Days 16 Hours, 'or 5392 Hours, whoſe Dif- 

ference is 3374 Hours, Say then, As 3374 is to 

5392, ſo are four Right Angles or 360 Degrees, 

to a fourth Number of Degrees, which is 325; 

which Motion is equal ro a Girenſarivn and a half, 

and beſides ro 35 Degrees; which angular Mo- 

tion the Earth makes in the ſpace of one Year 

and 218 Days. And therefore if Venus ſhould be 

this Day in Conjunction with the Sun in the in- 

feriour part of her Orbit, ſhe will nor come to the 

fame Confunction again till afier a Year and ſeven 

Months and twelve Days. And if one Conſunctior˖ — 

be in the beginning of Aries, the next Will fall | 

out when the Sun is in Scorpio, There is the ſame 

diſtance of time between any two other ſimilar 

Poſitions of Venus and the Sun. For Example, be- 

tween two ſuperiour Conj unt ions, or between two 

ſuch Situations of Venus, where ſhe has a given 

Elongation from the Sun the ſame way.” 


His 


is ſeen to recede from the Hart 


Degree 36 Minutes and 8 Seconds, whoſe dif 


from the Sun, and likewiſe the Diurnal angular 


EASY a% 


from the Earth, or ne by which, Venus 
middle Motion a 


: 


4s” 


tion in a Day, is 


« #@ ͤ 


two Comjuniions of the ſame kind, which will be 


Plate XIII. 
Fig. 2. 


found to conſiſt of 583 Days. 


ſometimes going faſter, 1 ſlower; it 
may be, that th 


ſhall find the diſtance of the Earth and mu 
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Len from the Fun e But we have, for | that time, Lecture | 


che Angular Motions of theſe two Planets for any 


2 


ziren ſpace of time; for Example, for fix Hours 3 (WV 


and the difference of theſe two Morions will give 
the Acceſs of Venus to the Earth, or her Receſs 
from it in ſix Hours. Say then, As this difference 
of Motions” is to D T, ſo is ſix Hours to the 
time between the Mean Conjunction and the true; 
which time added to, or ſubſtracted from the time 
of Mean Conſundtion, as Venus is to the Eaſt or 
Weſt of the Earth, ſhews the time of their true 
Conjunction. £89 | 


— 


' IT is plain from the Inſpection of che Figure, venus con- 
that though Venus does nearly always keep the n 


changes ber 


ſame diſtance from the Sun, yet ſhe is continually ante 
changing her diſtance from the Earth; and her from tbe 
diſtance is greateſt, when ſhe is ſeen in her ſupe- Earth. 


riour Conjun&10n with the Sun; and it is the leaſt 
when ſhe is in her inferiour Conjunttion': And the 
difference 1s fo great, that it equals the whole Dia- 
meter of Venus s Orbit; fo that the diſtance of 
Venus from the Earth, when ſhe is in her ſuperiour 
cmjunction, is to her diſtance from the Eareh in 


the inferiour, as 1 to 6.: And therefore Venus ap- 


ptoaches the Earth fix times nearer in the one Po- 
fition than in the other; and juſt ſo much are 
the apparent Dtameters of Venus changed, as we 
obſerve them to be. But theſe greareſt and leaſt 
diſtances are ſomewhat changeable upon the Ac- 


count of the Elliptical or Excentrick Orbits: For 


Venus is then moſt remote from the Earth, where the 
ſuperiour Conjunction happens when Venus and rhe 
Earth are both in their Apbelions. And the di- 
ſtance of Venus and the Earth is the leaſt of all, 
when the inferiour Conjunction falls out when Ve- 
— in her Aphelion and the Earth in her Peri- 
20. | N | 


BECAUSE Kum is an opale Globe with-,F Venus 


2 Phaſes 


out any Light of her. own, and only ' ſhines/ihe thoſe of 
with the borrowed Light of the San, that Face of tbe Moon, 


Venus will only appear bright, which is turned to- 


wards 


— 


_ 
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Lecture wards the Sun, while the oppoſite remains ig 
XV. Darkneſs; and for want of Light, is altogether 
LYV inviſible, Wherefore if the Situation of the Earth 
be ſuch, that this dark fide of Venus be turned 

toward the Earth, Venus will become invigible, 

except by chance ſhe appear like a black Spot in 

the Disk of the Sun: Bur if the whole illuminated 

Face of Venus be turned towards the Earth, as it 

is when ſhe is near her ſuperiour Conjunct ion, then 

ſhe appears like a full ſhining Orb: and accord. 

ing to the different Poſitions of the Earth, Venus and 

the Sun ; Venus will have different Forms, and ap- 

pear with different Faces and Figures, and will 

1 undergo the ſame Changes and Viciſſitudes in her 
lee ld Appearances that the Moon does. 5 

„ LET ABC DEE GH be the Orbit of Venu, TL 
| a2 Portion of the Orbit of the Earth, in which 
the Earth is at T, and ler Venus be in A in her ſu- 
periour Conſunction with the Sun; it is manifeſt in 
this Situation of theſe two Planets, that the Face 
of Venus which is illuminated by the Sun, is like- 
wile turned towards the Earth; and then Venn 
will appear to us like a full, lucid Circle, as the 
Moon does at Full: But when ſhe has gone from 
thence to the Poſition B, ſome part of her obſcure 
Hemiſphere will be rurned rowards the Earth, and 
will lofe ſomething of her Fulneſe, and ſeem tous 
to be gibboſe. When Venus comes to the Poſition 
C, but half her illuminated fide is turned towards 
the Earth, and then ſhe is ſeen like a half Circle, 
as the Moon is when ſhe enters in her firſt or laſt 
Quarter. But Venus, when ſhe arrives at the Po- 
frion D, has but a ſmall part of her illuminated 
ſide turned towards the Earth: And becauſe he 
is of a ſpherical Figure, which ro us, becauſe of its 
great diſtance, appears like a Plane; the illumi- 
nated part which we ſee will appear to end in 
Points or Hens, whoſe Direction is always op- 
poſite to the Sun. But Venus, when ſhe is in the 
Poſition E, that is, in her inferiour Conjunction with 
the Sun, has her dark ſide totally turned towafch 

; the Earth, and then ſhe quite diſappears, * 
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de happen to be in her Node, or near it; then lie Lecture 
will appear like a black Spot to paſs over the Bo-— XV. 


dy of the San; which delightful Spectacle was 


never ſeen by mortal Eyes but once; and it was 
aur Countreyman Mr. Horrox, who alone enjoy'd 
that Pleaſure, Venus will undergo the ſame Pha- 
ſa while ſhe paſſes through F, G ro H. viz. about 
F ſhe is horned; in G a half Circle, in H gibboſe, 
and in A again full. 55 9 7 0 8 9 

THESE Appearances of Venus, though they 
are not to be diſcerned by the naked Eye, yet they 
ae diſtinctly and plainly to be perceived with a 
Teleſcope. - Before the Invention of this noble In- 
ſtrument, when Copernicus firſt revived the ancient 
Pithagorean Syſtem, and propoſed it to the Learn- 
ed in Aſtranomy, to whom he maintained, that rhe 
Planzts,, among which he'reckon'd the Earth, did 
move round the Sun, which was immoveable in 
the Center; it was objected to him, Thar if the 
Motions of rhe Planets were ſuch as he ſuppoſed 
them ro be, that then Venus ought ro undergo the 
ſame Changes and Phaſes as the Moon does. Co- 
ſernieus anſwer d, Thar. perhaps the Aſtronomers in The Pro- 
after-Ages would find, that Venus does really un- — of Co- 
ergo all theſe Changes. This Prophecy of Coper-- F 
wew was firſt fulfilled by that great Tralian Philo- 
ſopher Galileus, who directing his Teleſcope to Theſe pha- 
Venus, obſerved her Appearances to emulate the 22 - 
Moon, as Copernicus had foretold : And theſe Obſer- Galileus. 
rations did ſurprizingly confirm the old Syſtem re- 
vived by In. one Bot LORE 13 
IE the Centers of the Sun at 8, Earth at T, and 
one of the inferiour Planets at O be joined with 
Lines, they will form the Triangle TSO: And 
if through the Center of the Planet rhere paſſes 
two Planes, one perpendicular to the Line T O, 
and the other to the Line SO; the one will cut 
of the Hemiſphere which is turned towards the 87 
Earth.; the other, that which is turned towards 1 
the Sun, and by him illuminated. And the exte- * 
our Angle of the Triangle TSO, which is at the 
Planet; that is, the * POS, will be equal wo | 

8 2 the 


164 
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of the illuminated Semicurgle that is turned toward: 


the Earth. For the Angle S Or is à Right An- 


> . 
[tity of U- 
1 tration. 


not appear there with her greateſt Brightneſs and 
Luſtre; for her Splendor is diminiſhed: on the ac- 


e is about O. For ſuppoſe Venus at O four times 
nearer the Earth than when ſhe is in A; in that 
caſe every determined part of the illuminated Dia 


of Venus js more encreaſed by her diſtance 'being 
' diminiſhed, than the ſamo Brightnels is lefſencd 
„ 1 on 


likewiſe equal, being vertical: to each other; and 


ſeen from the Earth, is to her full and total Illu- 
mination, all other / things remaining the ſame, 25 


duplicate Proportion of the diftance increaſed. 


ly a fourth part of the illuminated Disk can be 


gle, and ſa is the Angle, m O T, Which are there. 
fore equal; but the Angles 7 OP and p Ogare 


therefore taking away Equals from Equals, there 
will remain the Angle SOP, equal to the Angle 
m O q; which Angle is meaſured by the Arch mg. 
And therefore the part of the illuſtrated Semicircle 
which is towards the Earth, and is to be ſeen from 
thence, does always meaſure the exteriour Angle 
SOP of the Triangle SO T. Now this Arch as 
ſgen from the Earth is projected into its own Vet- 
ſed Sine upen the Disk, as we ſhewed before in 
the; Mon. And hence the Illumination of Very 


the Verſed Sine of the exteriour Angle at Vent i! 

to the Diameter of the Circle... 
ALTHOUGH Venus in A ſhines upon the 

Earth at T with a full Face or Orb, yer ſhe does 


count of her greater diſtance from the Earth 
and jt is, leſſened in a greater Proportion than the 
conſpicuous, part of the illuminated Disk is en- 
creaſed. For the Luſtre of Venus decreaſes in the 


Bur the viſible illuminated parr of her Faceen- 
creaſes only according to the verſed Sine of the 
Angle S OP; and therefore the great Brightnels 
of Venus is not when ſhe is in A, but rather when 


will give ſixteen times more Light than the ſame 
part does at A: but in O it · may happen that on- 


ſeen from the Earth; and therefore the Brightnels 
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ties on agcount of. a, ſpaller Portion of her illuminated Lecture . 
ards Disk being viſiple from the Earth. FF 2 

An- LF you defirg to know in What, Poficion Venus e e 

here- appears with the greateſt Luſtre, the great Geome- W bere the 

7 are and A/fronpmer, Dr. Edmund Halley my Cojlegue, pup ener k 
and has given us an elegant Solution of this, 2ropiems PHT 

here in the Philoſophical Tranſactians, Numb. 349. . 
age WY verein he has ſhewn tfar! Fengs, is- brighteſt | | 
mg, when ſhe is about 40 Degrees remove from rhe Sup; 3 

ircle and that then bur only a fourth part of her lucid 

from Disk is ro be ſeen from the Earth. And W 

ngle I wation Venus has been many times ſeen in the 

ch as WI Day-time, even in full Sun-ſhine. This Beauty 

Ver. and Brighrneſs of Venus is very admirable, who 

rein WY paving no native Light of her own, and only en- 

n joy ing che horrowed Light of the Sun, ſhould yet 

In- break out into fo great a Luſtre, that the like as 

e, 2s dot to be obſerved in Jupiter, nor even in our 

ni Moon, when ſhe: is in the ſame Elongation from 

| the Sun. Tis true, the Moon's Light is much 

1 the greater, upon the account of her apparent Magni- 

does I tude, than that of Venus; yet it is but a dull, and 

and 2s it were, dead Light, which has nothing in it of 

e ac- that Vigour and Briskneſs that does always accom- 

tb; ¶ Fany the Beams of Venus. | eee 1, ThePlane 

the IF the Plane, of the Orbit of Venus coincided „ 

en- perfectly with the Plane of the Ecliptick, Venus not ii in 

the would always ſeem to move-in the Ecliptich, and the Eclip- 

aſed, no where recede from it. Bur Venuss Orbit does *'*% 


not lie in the Plane of the Ecliptick, but is in a 
Plane which is inclined to it, in an Angle of 3 De- | 


grees and 24 Minutes, and cuts the Plane of the 
when WM Eclipeick in a Line which paſſes through the Sms ,,, ne - 
imes Center, that is called the Line of the Nodes. And the — 
that ide two Points, where the Orbit of the Planet pro \ 


duced cuts the Ecliptick, are named the Nodeg. _ 
And therefore Venus is never ſeen, either from the * 
wn or the Earth, in the Ecliptick, but when ſhe 


n be b. the Nodes; in all the other Points of her Or- | 
cnels i bit ſhe is ſomerimes nearer. to the Ecliprick, ſome- 
eing umes further from it; and ſeen from the Sun, ſhe. 


makes her greareſt Excurſion. when ſhe is 90 De- 


* ; 


prees diſtant from both the Nodes, 
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IV. Ecliprtick, La VN the Orbit of Venus, citing 
the Plane of the Ecliptick in the Line a N; de 
il © . muſt conceive, the one half of this Orbit of N. 
[ nus LN, to be raiſed, or ro ſtand above the 


LET TAB be a Circle in the Plane of th 


1 Plate xill, 


Plane of the Ecliprick, and the other half x VN 


ll Fig, 50 
| 


to fall below that Plane; and when Venus is in N 
or n, ſhe is then in the Ecliprick : But when ſhe 
arrives at P, ſne is ſeen to deviate from it; but 
in L, the Arch NL being a Quadrant ſeen from 
the Sun, ſhe appears to recede the furtheſt from 


the Ecliprick ; and this Point L is called the Li. 
mit, determining her greateſt Excurſion: for from 
thence departing, ſhe again approaches the Eclip. 
tick, If from the Place of Venus, as in P, we le 
fall on the Plane of the Ecliptick a Perpendiculir 
PE, and draw SE, the Angle PS E will meaſure 
the diſtance of Venus from the Ecliprick, which 

The Helio- is called Venus's Heliocentrick Latitude, or ſuch asit 
— 14 is ſeen from the Sun. Now this Latitude, having 
the place of the Planet in its Orbit, is thus int 
veſtigated: Let the Arch N E be a Portion of the 
Ecliptick, NP a Portion of the Planet's Orbit 
produced to the Heavens: Let P be the Place of 

Venus, N the Node; and let a Circle paſs through the 
place of the Planet perpendicular to the Ecliprick; 

the Arch P E of this Circle, intercepted between 
the Planet and the Ecliptick, is the diſtance of 
the Planet from the Ecliprick, or the Meaſure of 
the Angle PSE. Now in the ſpherical Rectan- 
gular Triangle P NE, beſides the Right Angle at 

E, we: have the Side NP, the diſtance of the 
Planet from the Node, alſo the Angle N then: 

| clination of the Plane of the Orbit ro the Eclip- 
rick ; wherefore by Trigonometry we can find out 

PE, which is the Heliocentrick Latitude of the 

Planet. This Heliocentrick Latitude, when the 


The Geo- 
centrick La- 


titude. 


7 


Planet comes to the tame Point of its Orbit, is a. 
ways the ſame and unchangeable : Bur the Geo- 
centrick Latitude, or the diſtance of the Planet 
from the Ecliptick, as it is ſeen from the . 
even though the Planet be in the ſame B 
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eon. 


to the Planet. For let B T A be the Orbit of the 
Zarth, n P N, as before, the Orbit of the Planet, 
which fuppoſe to be at P; from which let fall on 


the Plane of the Ecliptick the Perpendicular PE: 


Line PE will always ſubtend the Angle which 
meaſures the Geocentrick Latitude of the Planet. 
Suppoſe therefore the Earth at T, and Venus in P, 
where ſhe comes neareſt to the Earth; in which 

ition Venus is ſeen in her inferiour Conſunction 
with the Sun, and her Geocentrick Latitude is mea- 
ſured by the Angle PTE, But if Venus ſhould 
be in the ſame Siruation P, and the Earth were ar 
t, and from thence Venus were obſeryed in her 
ſuperiour Conjun&ion with the Sun, where ſhe is at 
her greateſt diſtance from us, her Geocentrical La- 
titude would be anſwerable to the Angle PtE, which 


diſtance Pe is greater than PT. What we have 
here ſaid of the Latitude of Venus, is likewiſe true 
of that of Mercury, and upon the ſame Account. 
Hence it is plain, that the inferiour Planets, all o- 
ce of ther things remaining the ſame, have a greater 
h che W Laticude when they are near the Earth, than 
ick; when they are further off. And it may happen 
veen that the Geocentrical Latitude of Venus may be 
> of greater than her Heliocentrick, which will be 
e of WM when ſhe is between the San and the Earth, and 
lan- ſhe is nearer to us than ta the Sn. But Mercury 
eat keeping always at a greater diftance from the Earth 
the than he has from the Sun, his Geocentrick Latitude 
In: will conſtantly be leſs than his Heliocentrich, 
lipe which when at the biggeſt is about 7 Degrees; 
our for ſo much is the Inclination of his Orbit to the 
the Plane of the Ecliprick. N 7 

em SINCE none of the Orbits of the Planets lie 


al. in the Plane of the Ecliptick, but all of them cut 
2 t in a Line paſſing through the Sun, no Planes 
et can be above twice in the time of its Period in 
th the Ecliptick, which is when they are in their 


- 
* 


M4 Node: 
a 


in whatever part of her Orbit the Earth is, this 9 


is much leſs than the Angle PT E; becauſe the 


ber Orbit, is not conſtantly the ſame, but alters Lecture 
according to the Poſition of the Earth, in reſpect XV. 


we *© 
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XV. deviare ſome. more, ſome leſs, from the ſaid Plane gf 
the Ecliprick : Bur yer there are certain determinate 
| Boundaries which they neyer tranſgreis. And 
therefore if we imagine in the Heavens à Zone, 


or broad Circle of 20 Degrees breadth, chat is, 


10 Degrees on each fide of the Ecliptick which 
lies exactly in the middle of this Space or Zone; 
ſuch a Space will conſtantly contain all the Ply, 
The Zodi- nets in its Compaſs, and is called the Zodzack, from 
on the Images of living Creatures, or the. Conſtella. 
tions which fill that part of the Heavens: The Earth 
7 keeping always; as it were, in the King's High- 
way, never turns out from irs Courſe in the Eclip. 
tick, but rhe Moon, and the other five Wanderer 
will make Excurſions from it, for ſeveral De. 
grees, ſometimes to the North ſide, and ſometimes 

to the South-fide of the Ecliptick; and yer they 
ray keep within the Bounds of the 6, 

ach. ES 77 4 inn ur nv 
The Iten HITH ERTO we have conſidered: the Mo: 
of Venus in k ion arid Phaſes of Venus, as they have a Rela- 
10 Zodi- tion to the Sun and Earth: let us next conſidet 
"A the Motions of Venus in the Heavens, as they are 
obſerved from the Earth, and the Way ſhe takes 
in the Zediack, For which purpoſe let ABC be 

the Orbit of Venus, T GF the Orbit of the Earth, 
the Circle LMO the Zodiac among the fixed 

Stars: and, firſt, ſuppoſe the Earth in T, and Ve. 
uus in A, near her ſuperiour Conſ unction with the 

Sun; it is evident, that a Spectator on the Earth, 

will ſee Venus at A, as if ſne were in the Point 

of the Jadiack L: if the Earth had no Motion 

Plate xIII. While Venus moves from A to B in its Orbit, it 
Fig. 7. would ſeem to deſcribe the Portion of the Zodiack 
LM: But in the mean time the Earth alſo moves; 

and when Venus is in B, the Earth is come to the 

Point of its Orbit H ; from whence the Spect ate 

looking upon Venus at B, obſerves her in the I. 

Aiack at N; fo that ſhe will ſeem ro have run 

through the Space LM N in the Zodiack: and 
nus will appear to have gone mare e 
5 7b Ft l | tl al 


0. 


P * * 


£ 0. 


\ 
* 
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than ſhe would have done, had the Earth ſtood 25 
gill withour any Motion in its Orbit. But when Lectu 


Pens comes to C, the Earth has moved on to G3 


ſo that enus is ſcen in the Line GO drawn from the 
Earth, which touches her Orbit; in which Po- . 


ſition her apparent Motion in the Zodiac will be 
very nearly equal to the apparent Motion of the 
Sun : From thence let Venus move on from C to A, 
and in that time the Earth will have come from 


G to K, and then Venus will be ſeen near her in- 


feriour Con unction with the Sun; in which Poſition 


ſhe will be obſerved in the Jodiat t, as if ſhe +» 
wete at P: but before ſhe was ſeen ät O, and 
therefore ſhe will here appear to have gone back- Ver, ke. 
wards. in the Zodiac . the Arch O P, or to Ade. 


have moved from the EA, to the Weſt, contrary 


to the Order of the Signs. And becauſe in C ſhe. 


was obſerved to go E Award as faſt as the Sun 
does; bur in A ſhe is ſeen to have a quick Mo- 
tion backward: There muſt be ſome place of her 
Orbit between C and. A, where ſhe appears to us 
neither to go forward nor backward; but to ſtand 


ſtill, and continue in rhe ſame place in the Hea- inan. 


yens : In which caſe ſhe is ſaid ro be Stationary, 
or to ſtand ſtill. „ | 
LET Venus now arrive at E, and the Earth at 
the Point of its Orbit F, Venus will then be ſeen 
in the Point of the Ecliptick Q, and will ap- 
pear to have moved, further backwards in the 
Ecliptick, or towards the Meſt. "Bet when Venus 
1s ſeen from the Earth in a Line which touches 
ber Orbit, ſhe will then ſeem to have a progreſ- 
hve Motion, equal to the apparent Motion of the 
Sun from Weſt to raft : And becauſe before, her 


apparent Motion was backward, or from Zaft t 
Weft, and now forward the contrary. way, from 


Weſt to kaſt, there .muſt be ſome, place between 


+ 4 - 3% 5 
the two contrary Motions, where ſhe will neither 


appear to go backwards nor forward; but for ſome 
time to ſtand ſtill, and kcep the ſame Poſition in 
the, Heavens. While the Earth comes to D, and 
Fenis arrives at C, ſhe will appear in that time 


4 
. 


Venus Di. 


to. 
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\ Lecture to have moved through the Arch QR of the 2 
XV. diack, and ro bave a quicker Motion e N. 
Ea. Hence Venus, when ſhe is in her ſuperiout 
MET. Bip Conjunttion with the Sun, is always ſeen to move 
directly according to the Order of the Signs; 
but when ſhe is in her inferiour Conjunct ion, and 


| between the Earth and the Sun, then ſhe is ſeen to 
| have a. backward Motion, and to be carried a: 
| 


TM the Order of the Signs, from Eaft to 

** WII ATE VER we have demonſtrated con- 
pearances of cerning the Motions of Venus, is likewiſe true, 
N and to be underſtood of the Motions of Mercuſy; 


lite tho 
Venus. 


but the Conjunctions of Mercury with the Sun, his 
Directions, Stations and Retrogradations, are 
more frequent than in Venus ; for Mercury circy- 
lating faſter, and in a leſſer Orbit than Venus, does 
oftner overtake the Earth than ſhe. Hence it is 
plain, that the Motions of theſe two Planers ſeen 
from the Earth, are very irregular and unequal, 
fince they are ſometimes ſeen to have a Motion 
forward ; ſometimes they appear immoveable or 
ſtationary, after this they change their Courſe, 
and move backwards, and after fach a Regreſſion 
they again take up their Stations, and keep for 
ſome time the ſame place in the Jodiack. Where- 
as a Spectator in the Sun will always obſerve thele 
Planets to go forward with a Motion regulated 
after a certain Rate. For the apparent Inequalit 
of rheſe Motions ſeen from the Earth, is ſuch az 
exactly anſwers to a regular Motion round the 
Sun. And therefore it is manifeſt, that the Sur, 
and not the Earth, is the Center of theſe Planet; 
Motion. 3 3 „5 
The orbits WE ſhewed before, that the Or hit of the Earth 
of Mercury was not a Circle, but an Ellipſe; rhe ſame thing 
pra 1s true of rhe Orbirs of Venus and Mercury, and 
pl all the other Planers, which are really Ellipſes 
and not Circles, that have one common Focus in 
which the Sun reſides, about whom the Planery 
perform their Circulations with Motions; whic 
though nor perfectly equable, yer they are all 1e. 
| | 5 gulated 


＋ 
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LECTURES. 
qulared by. a certain, unchangeable and conſtant 
Law, which none of them tranſgreſs; for every 
planet moves in the Perimeter of his own Ellipſe, 
the Center of the Sun, does always deſcribe or 
ſweep an Elliptick Space or 'Area proportional 
to the Time; or which is the ſame thing, in equal 
time it ſweeps an equal Area. Hence the Planets 
muſt move more ſlowly in their Aphelia, and 
quicker in their Perihelia: And theſe Aphelia are 
not like the Apogeon of the Moon, but they are 
either at reſt without Motion, or if they have 
any, it is ſo flow, that it is not eaſily perceived 
in the time of a Man's Age. And here it is to be 
obſerved, that of all the Planets, Mercury has the 
moſt Excentrick Orbit; for therein the Excentricity 
s to the mean diſtance as 2051 to 10000, | 


AN NA ( ( ( AS AS De 
, PALE AS EIS 0 LOCI LEE 


of the Moti Ons of the three ſuperiour Pla- 


ſo that the Line or Ray paſſing from its Center to 
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nets, Mars, Jupiter and Saturn, and 


the Appearances ariſing from them, 


E have now dwelt long enough, 
on the Explication of the Moti- 
ons of the rwo inferiour Planets ; 
ler us next contemplate the ſupe- 
riours. För which purpoſe ler 
ed, ABCT be the Orbir of the 

— th, and let Saturn, Fupiter and 
Mars turn round the Sun in different Orbits at 
their propes diſtances, and perform their Circula- 
tions, each in irs proper Period; and let PQ V. 
be a Portion of the Zodiac in which theſe Pla- 
zets are obſerved to perform their Motions. Firſt, 


Ir 


Theſe ſuperĩ- 
our Yianets 
may bave 

any Poſition 
or Aſped in 
reſpca 

the Sun, 


plate XIV. 
Fig. 1. 


— 
1 
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Lecture It is plain, that all theſe Planers ſeen from the gun 
XVI. may be_ obſerved either in Conjungion with the i 
1 Od Furth, or in Oppoſition to it. Thus Saturn may te 
be in h when the Earth is in M, in the Line“ 
Which joins the Centers of the Sun and Saturn; in 
| which Caſe the Earch and Saturn from the Sun 
| are ſeen in Conjun#ion: But the Earth may like. 
wiſe be in the ſame Right Line produced the con- 
trary way, as in B, where frqm the Sun thgſe;ry 
Planets will be ſeen in Oppaſition to each other, 
Bur in this Situation, the Sun ſeen from the Earth, 
will appear to be in Conjunction with Satum 
Secondly, It is ei ident, that theſe Planets ſeen from 
the Earth, may have any Aſpect, or obtain any 
Poſition in reſpect. to the Sun, and may have any 
deſired Elongation from him; (which cannot be 
in the inferioyr Planets, who are always confined - 
to the Neighbourhood of rhe Sun. For from the 
Earth T there may be drawn a Line T P, which 
will cut all the Orbits of the ſuperiour Planets, and 
may make with JT S the Line which joins the Sun 
and Earth, any Angle required, as STP. And 
therefore when the Earth is in T, Saturn may be 5 
in E, whoſe Elongation from the Sun will then 40 
be the Angle STF. Moreover, when the Ear 
and any ſuperiour Planet are ſeen from the Sun 1 
Compun#ion together, that Planet obſerved from 8 
the Earth, will appear in Oppaſition to the Sun; ri 
and an Inhabitant of our Terraqueous Globe, will 0 
fee the Sun and it, in oppoſite Parts of the Hea- w 
SET Vens. aa 4; 37 : HOWS 2 : | f 9 
LE T now any ſuperiour Planet, as for Example, * 
be times Saturn, be ſeen from the Sun in, Confunction with 4 
5 two the Earth Mgt 4 Conjun&ion, the Earth having © 
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| — tg Quicker angular Motion than Saturn,” an Jnhabi- { 
Oppolitions tant or Spectator in the Sun, will ſee the Earth t 
er bore? = of daily to recede more and. more from Saturn. And | 
nets becauſe the Earth, according to its mean Motion, | 


does every Day deſcribe an Arch of thg. Ecliptick 
of 59 Minutes 8 Seconds, and Saturn moves only. 
2 Minutes in a day, the Earth will appear from the 
Sun to recede every Day from Saturn the {pace 
| FR 2 fp 

24 | 
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ef a0 Arch of 55: Mites 8 Seconds, If wre lay Lecture 
then, As 57 Minutes 8 Seconds is to 360 Degrees, XVI. 


or to 21600 Minute ſo vis one Day to a fourth 
Ouantity; we ſhall*have the Number of Days in 
which the Earth will be again obſerved from the 
Sun to be in Conj unction with Saturn, which is 
378 Days, But when the Earth and Saturn are 
ſeen from rhe Sun in Conjuntion, the Sun and Sa- 
um from the Earth appear in Oppoſition," And 


therefore the time berween rwo Oppoſitions 


of 


the Sun and Saturn, immediately following one 
another, compured according to their middle Mo- 
tions, is 378 Days, or one Year and 13 Days. 
And rhere<1s the ſame time between two Conjun- 
flint of Saturn and the Sun ſeen from the Earth, 
or between any two fimifar Aſpects or Elongati- 
ons from rhe Sun. And the time between the Op- 


is the half of this rime, or 189 Days.“ 1 
'BY the ſame Method we ſhall find, that 


poſition and Conj unt ion of Saturn with the Sun, 


the 


time between two Conjunctions or Oppoſitions of 


. and the Sun conſiſts of 398 Days, of 4 
Year and 33 Days. But Mars after an Oppoſition, 


does not again come into the ſame Situation, 


till after 2 Years and 30 Days. Þ 
WHEN the Planets are in Oppoſition to 


the 


Sun, they riſe when the Sun ſets; and-ſer when he 


riſes; and then after their Departure from 


the 


Oppoſition to the Sun, they remain to the Eaft> _ 
ward of rhe Sun; and after Sun: ſet they are to be 
ſeen in the Evening, till they come in Confunct ion 
with him, when they fer and riſe together! Aſter- 
wards, as they recede from the Sur, they become 

more erh than he? and are then only ro be 

ſeen in the Merning before the Sun is up; for in 

the Evening they fer" before the dun, till they at 

laſt come to be oppoſite to the Sun, when again 


they riſe at Suni ſet. * 


As in the inferiour Planets, ſo the faperiour have The Planes 
not their Orbits in the Plane of the Ecliptick ; of their Or- 


2 bits are in- 


for the Planes of all their Orbits cur the Plane of ind to the 


the Ecliptick in Lines which paſs rhrough 


the Ecliptich. ' 
Sun, 


2 
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Lure S, which are called, the Lines of the 'Þiings 
XVI. Nodes: And the Points where - theſe Lines meer 
TY WV with the Ecliptick, are called the Nodes, And 


therefore the ſuperiour Planets are never preciſeh 
in the Eeliptick, but when they are in the Nodes: 
In all the other Points of their. Orbits chey are 
further or nearer to the Ecliptick, according to 


their Diſtance from the Nodes ; and their Diſtan- 


ces are greateſt when they are at equal Diſtances 
from both Nodes ; which Points are called the 


Limits, where the greateſt Heliocentrich Latitudes 


which meaſure the Inclinations of the Orbits to 


the Ecliptick, are as followerh ; Saturn's greateſt 


The Helio- 
centrick and 


Geocentrick 


Latuudes, 


Heliocentrick Latitude is 2 Degrees 30. Minutes, 
Jupiter's is 1 Degree 20 Minutes, and that of Mar 
is I Degree and 52 Minutes. . 


or, which is the ſame thing, its Diſtance from the 
Node, by the ſame Method we find out its Helio- 
centrick Latitude, as we did in the inferiour Pla- 
nets Mercury and Venus, But the Geocentrick La- 


pages, or the Diſtances of the Planets from the 


iptick, as they are ſeen from the Earth, depend 
much upon the Poſition and Diſtance of the 
Earth, For where the Heliocentrick Latitude con- 


tinues the ſame, yet according to the various Po- 


Fig. 2. 


fitions the Earth may have, the viſible Latitude of 
a Planet ſeen from thence, will be various. For 


let T > : be the Orbit of the Earth; and tlie Ot- 


bit of any ſuperiour Planet, as for Example; that 


of Mars, ſuppoſe to be & M, whoſe Plane is in- 


clined io the Ecliptick, and curs it in the Line of 
Nodes n N. Let Mars be in &, and the Earth in 


T, ſo as Mars may 2 obſerved in Oppoſition to 
the Sun; and from & ler fall on the Plane of the 
Ecliptick the Perpendicular d E; this Line will 
ſubrend rhe Angle which meaſures the Geocentrick 
Latitude. And therefore when the Earth is in I, 


the viſible Latitude is meaſured by the Angle 


8 T E. But if the Earth was in t, fo that Mars 
was ſeen in Conjunction with the Sun, its viſible 
Latitude will be the Arch which — 0 

4 


HAVING the Place of a Planet in its Orbit, | 
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When the Earth is in T, the Geocentrick Latitude 
of Mars is greater than irs Helzocentrick ; but 
when it is in e, the Heliocentrick is greater than 
the Geocentrick 3 and according to the various Po- 
tions of Mars and the Earth, his viſible Latitude 
will be changeable ; ſo that all other things be- 
ing alike, the Latitude 1s greater, the nearer he 
comes to the Oppoſition of the Sun, and the leſs, as 
he approaches to a Confunction with the ſame, 

IT is alſo evident, that none of the ſuperiour 


Disk, as the inferiour Mercury and Venus are ; bur 
yet they may be all of them covered by rhe Sun, 
and lie hid behind him, when they come 1n 
conjunction with him, and are near their Nodes, 


d be obſerved near the Sun's Body, the Faces df thele 
e Planets, which are turned towards the Sun, will 
+ alſo be towards the Earth; whence the Inhabitants 
of our Globe do always behold theſe Planets 
ſhining in full Orbs or Circles. Bur Mars having 
an Orbit, which lies very near the Earth, its Face 


Planets can be ſeen from the Earth in the Suns 
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hogle J E, which is much leſs than rhe Angle Lecture. 
1TE, and is nearly leſs in the ſame Proportion VI.. 
2+ the Diſtance T & is leſs than the Diſtance # @. WNW 


SINCE the Faces of all the Planets which Jopiter 
are turned towards the Sun, ſhine only with a have always 
reflected and borrowed Light; and becauſe the 4 round 


Earth ſeen from Jupiter or Saturn, is always to F 


Co 


tally turned rowards the Earth; but when in his Mars ia bis 
Quadrature, or when there is about a fourth patr of Z{44rature, 
the Ecliptick berween the Sun and him, as ſup- Plate "tv. 


poſe the Earth in M or B, and Mars in N or R, 
then ſome part of the illuminated Face will be 
turned from the Earth, and therefore Mars will 
not appear in a compleat Circle, but will be ſeen 


| 

f 

= 

0 which is towards the Sun, will not always be to- 
t 

E 

| 

ö 


as deficient or gibboſe; but when he comes to be 


in Conjun&ion or Oppoſition, he then re- aſſumes his 
round Figure, his illuminated Face being totally 
turned towards the Earth; and particularly when 
in Oppaſition to the Sun, he looks brighteſt and 
biggeit. 


FOR 


Fig. 1. 


| Þ 


Wl - Wy WV when they are in Conjun#zon, being much neare 
| | In Oppo- ro the Barth in the one Poſition than in the other, 
= — "a inſomuch that the Difference of their Diſtances in 
\ 11 Planets zre theſe two Poſitions, is as great as the Diameter of 
biegft. that Orb in which the Earth goes round the bn; 
which Difference bears a conſiderable Proportion 
to the Diſtance of Mars from the Sun, and greatet 
than it does to the Diſtances of the other Planen 
and therefore will produce a great difference in 
his apparent Magnitude: For Mars is five time 
nearer to us when he is in Oppoſition, than whe 
he is in Conjun&ion with the Sun. And therefore 
ſince the viſible Disk and Luſtre of a Planet in. 
creaſes in a duplicate Proportion of that wherein 
the Diſtance is diminiſhed, Mars will appear 23 
times bigger and brighter when he is in Oppoſition, 
than when he is in Conjunction with the Sun. 
BECAUSE Jupiter is five times further of 

rent Diame- the Sun than the Earth is, the apparent Diameter 
id 7, 5 of the Sun ſeen from Jupiter, will be five times 
from Jupi- leſs than it is ſeen from the Earth, and will be 
ter and Sa- no bigger than 6 Minutes, which to us is 30 Mi- 
* nutes. And the Disk of the Sun will appear 25 
times leſs to the Inhabitants of Jupiter, than it 

does to us, who will likewiſe receive bur the 

25th part of the Light and Hear from him that 

we enjoy. Bur Saturn being 10 times further from 

the Sun than we, the apparent Diameter of the 

Sun ſeen from him, will be no bigger than 3 Mi- 

nutes, and will be bur little more than twice 

the Diameter of Venus, when ſhe approaches neareſt 

to the Earth : And therefore the Disk of the Sun, as 


73eir De. it would appear to a Saturnian Aſtronomer, wil 


ęrees of 100 times leſs than we ſee it; and both its 
Heat com. Light and Heat are there diminiſhed in the ſame 
pared with © 


Fir Hear Proportion; and therefore the warmeſt Regions in 
which we re· Saturn, even under his Equator, are much coldet 
2 em than our Frigid Zones. | 
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ALL che ſuperior {Planets obſerved from the Lecture 
Sun, will appear to move regularly the ſame way, XVI. 
and to proceed in their Orbits according to the 
ſame Law, which is the equable Deſcription or 7h Mort” 
Sweeping of Elliprick Hrea's round the Sum; by 21481, 3 
which means their angular Motions round the Sus from + * 
will appear ſomewhat unequal ; for in their A. Sun. are 
gia they proceed more ſlowly; in coming tO lar? — 
their Peribelia they accelerate their Motions, But 
theſe Planets obſerved from the Earth, have very B fron 
different A r ces, and irregular Motions in the they are gg. 
zadiack; ſometimes they ſeem to move forward ferved to be 
from Weſt to Eaſt, according to their real Mo- 748: 
tions; then they by degrees flacken their Pace, 
till at laſt they loſe all their Motion, and ſeem to 
ſtand ſtill. After ſome ſmall time they are again 
ſet a moving, bur ſeem to take a contrary courſe 
to what they had before, and go backwards, di- 
realy in Oppoſition to their real and true Mo- 
tions: And thus having for ſome way gone back- 
ward, or from Eaſt to Weſt, they come again to 
be immoveable and ſtationary. Theſe great 
Changes of their Courſes and Motions are not 
real in the Planets, but are occaſioned by the 
Motion and Poſition of the Earth, from whence 
the Aſtronomer obſerves t ge. v7 
LET PQO be a Portion of the Zodiack; 
ABCD the. Orbit of the Earth, EMGHZ. 
the Orbit of a ſuperiour Planet; for Example, of 
Saturn : and ſuppoſe the Earth in A, and Saturn in 
E; in which Poſition he, will appear in the 0. 
diack, at the Point O. If Saturn remained there 
without any Motion of his own, when the Earth 
comes to B, he would be ſeen in the Point of the 
Judiack L, and would appear to have deſcribed 
the Arch of the Zodiac O L, and to have moved 
according to the Order of the Signs, from eſt 
to Eaſt. But becauſe in the mean time, while the 
Earth is paſſing from A to B, Saturn does likewiſe 
move in his own Orbit from E to M, where he is 
ſeen in Conjundtion with the Sun, he will appear 
o haye deſcribed the Arch of the Zodiack O. 


—— 4 
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s ASTRONOMICAL {| 
Lecture which is greater than the Arch OT: whente the 
XV. ſuperiour Planeta, when chey ate in ConjunBion 
with the Sun, appear to have a Motion forward 
. Mate much quicker than at other times, and that for 

1 are 4 twofold Cauſe; Which is, becauſe they real 
dies and have a Motion forward from Weſt to Eaſt, and 
Fiſt; | likewiſe becauſe the Earth, in the oppoſite part of 
the Heavens, is carried the {ame way round the 
ſame Center. And therefore theſe Planets, when 

they are at their greateſt Diſtance from us, and 

n Conj unction with the Sun, appear to have 3 

„ quicker Motion than uſual to the Eaſt, accordin 
to the Order of the Signs: In which Poſirion a 
Planes is ſaid to be direct, or to have a direct Mo- 

tion. When the Earth comes to C, while Saum 
deſcribes the Arch M G, he will then be obſerved 

in the Jodiack at R. But the Earth being ad- 

vanced to K, and Saturn to H, ſo as the Line 

K H joining the Earth and Saturn continue” for 

ſome time parallel to itſelf, or very nearly ſo; 
then our Aſtronomers will obſerve Saturn all that 
while in the ſame Point of the . at P, 

and with the ſame fixed Stars, he then ap- 

pearing Stationary. But the Earth being come to 
D, and Saturn coming into Oppoſition to the Sui 
in X, he will appear in the Jodzack at V, and 
will ſeem to have gone backwards through the 
Arch PV. And therefore the ſuperiour Planers, 
when they are in Oppoſition to the Sun, are always 

| Retrograde, or appear to have a backward Mo- 
tion from Eaſt to Weſt, which is contrary to the 

Order of the Signs: Bur when the Earth comes 

When ia · again to A, and Saturn remaining near to Z, again 
bionary, that Planet will ſeem there to occupy his Station, 
and to remain without Motion. At laſt, after the 

Earth has left that Situation, Saturn will appear 

to begin again to move forward. + 1 9 

What we have here ſhewed concerning Saturn, 

is likewiſe to be underftcod of Jupiter and Man, 

who are likewiſe obſerved to have all theſe Va- 
Nations and Changes in their Motions, as ſome- 
n Times 
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he | ; 

on times to move quickly forwards, then ro ſtand ſtill, Lectures. ! 

ed ad after: that to fall backward ;' then again they XVI.. 

or become ſtationary, and in a ſhort time after they ,HgII 

l ov forward with a direct Motion. But the Res I ben Re. 
greſſons or backward Motions of Saturn, are fresrade. 

of more frequent than thoſe of Jupiter; becauſe the 

he Emth more frequently overtakes Saturn, whoſe: | 

en Motion is flower than Fupiter's, who is not a little 

nd quicker in his Motion. And for the ſame Rea- 

'2 bon Jupiters Regreſſions do oftner happen than / 

ig thoſe of Mars; becauſe Mars moving faſter, de- 

'a ccribes a greater Space in the Zodiack; ſo thar 

0» there is more time neceſſary for him to come in 

rm Oppoſition to the Sun, than what Jupiter needs for 

ed chat purpole. | 03 21 lid Trans. | 

d- Let AC be a Portion of the Bareb's Orbit, Tbe Paral- 

ne which is touched by the Right Line AN, in which I 9% 

or se will ſuppoſe the ſuperiour Planets, to be ſeen ; 

; from the Earth, viz. Mars in q, Jupiter in &, and 

at Saturn in h; and let KL MN be a Portion of 

P, he Zodiac. Then the place of Mars ſeen: from the 

p- Wis K, which is called his true or Heliocentricx 

to Place. But an Aſtronomer on the Earth will ob⸗ 

un ſerve him at the Point N, which is called his Ap- +7 

nd ent or Geocentrick Place; fo likewiſe Fupiter 

he ben from the Sun, appears in L, which is his true püte KUV. 


, Place; bur from the Earth his apparent Place is rig. 2. 
ys N. After the ſame manner the true Place ot Sar 
o- Inn ſeen from the Sun, the Center of his Motion, 
be W5M; bur his Place in the Zodiac, that is vi- 
ies able from the Earth is N. The Arches K N. 
in LN, MN, the Differences between the true and 
n, apparent Places of the ſuperiour Planers, are cal- 
he led the Parallaxes of the annual Orb in theſe Pla- 
ar W's. Through the Sun S draw SO parallel to 
IAN, and by the 2970 of the 1ſt of Euclid, the 
„ Auges A S, AUS, A HS, will be reſpectively 
71, equal ro the Angles KSO, LSO and MSO. 
a- But the Angle ANS is equal to the Angle N SO, 
e- vhoſe Meaſure is the Arch N O, which will there 
ies I bre be the Meaſure of the Angle A N.S, which 

1s the Angle wen which the Semidiameter * 
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df the Earth's Orbit is ſeen from rhe Start 
Heavens. But this Semidiamerer is nothing 
in reſpect of the great Diſtance of the Hez- 
vens or Stars; for from thence it would a 
under no ſenſible Angle, and look like a Point. 
And therefore in the Heavens the Angle N S0, ot 
the Arch N O vaniſneth, and the Points N and o 
coincide; and the Arches K O, LO, MO, are of 
the ſame bigneſs with the Arches K N, LN and 
MN, which'are therefore the Meaſures of the Angles 


Ad S, AS, A h S. But theſe Angles are as the 


apparent Semidiameters of the Orbit of the Earth 


ſeen from the reſpective Planets: And therefore in 


each of the ſuperiour Planets rhe Parallax of the 


Annual Orbit is equal to the Angle under which 
the Semidiameter of the Earth's Orbit is ſeen 


" from that Planet; and the nearer any of them is 


to the Earth or Sun, ſo much the bigger is that 


Angle: And therefore this Parallax in Mar is 


greater than in Jupiter; and again, in Jupiter 
greater than it is in Saturn. But in the fixed Star 
there can be no Parallax of the Annual Orb ob. 
ſerved, it being ſo very ſmall. 


he Retre- I T is alſo evident from hence, that the Retro. 


grefſions of 
Mars grea- 
ter th 


greſſions of Mars are greater than thoſe of Fupite, 
though they do not happen ſo often; ſo likewiſe 


thoſe of Ju- Fupiter has his Retrogteſſions greater than thole of 


piter; and 


Saturn, and that upon à double Account : Fit 


upiter's ; | s 
— — than becauſe Mars is nearer to the Earth than Jupite, 


aturn'”s, 


and Fupiter nearer than Saturn ; and likewile be- 
cauſe they move faſter, 1 

HAVING the Paralax of the Anmnial On 
in any Planer, we can from thence eafily find his 
Diſtance from the Sun, in reſpect of the Earths 
Diſtance from him: For in Mars, becauſe the An- 
gle AF S is given, being meaſured by the Pari 
{ix of the Annual Orb, and the Angle G A8 


found by Obſervation, being the viſible Elongation 


of Mars from the Sun: If we make the Propor 
tion, As the Sine of the Annual Parallax is to the 
| Sine of the Elongation, ſo let SA the Diſtance d 
the Earth from the San be to a Fourth, which 1 


1 


F Wa 
be 3 8, the Diſtance of Mars from the Sun. This Lecture 
Annual Parallax, by which the Planets ſeem ſome- XVI. 
times to move faſter, ſometimes flower, in the 
Heavens, ſometimes ro go Eaſtward and ſome- 
times Weſtward, produces in. their Motions an In- 
equality, which, by the Aſtronomers, is called their 
cond or Optical Inequality, to diſtinguiſh it from 
their firſt Inequality which the Planets really have, 
by which they move in their Orbirs with Morions 
that are nor always the ſame. In the Oppelicions 
or Conjunctions of theſe Planets with the Sun, 
this ſecond Inequality or Parallax vaniſhes; and 
their Geocentrick Places and the Heliocentrich co- 
incide ; or a Spectator in the Sun, and another in 
the Earth would obſerve the Planet in the ſame 
Point of the Heavens. | b 
IHE Angles A & S, AS, A HS, are nearly 
the greateſt Elongations of the Earth from the Sun, 
if ſhe were obſerved from the reſpective Planets, 
when the Line N & A touches the Earth's Orb in A. 

In Mars the Angle A g S is about 42 Degrees; 
and therefore the Earth ſeen from Mars, never goss 
ſo far from the Sun as we ſee Venus does. In 
Jupiter the greateſt Elongation of the Earth from 
the Sun will be obſerved zo he but 11 Degrees, 
and therefore is nor ſo maſh as half the Diſtance 
we obſerve Mercury to depart from the Sun. In 
Saturn the Angle A h S, or the greateſt Elonga- 
tion of the Earth from the Sun that can be ſeen 
from that Planer, is but 6 Degrees, and nor mnch 
above a fourth Part of the greateſt Elongation we 
obſerve in Mercury. And fince Mercury 1s bur ſel- 
dom ſeen by us, a fight of the Earth from Saturn 
may be a rare and unuſual Spectacle : Perhaps the 
daturnian Aſtronomers have not yer diſcovered, chat 
there is ſuch a Body as our Earth in the Univerſe. 

EACH of the two outmoſt of the Planets have a Toe An- 
good Company of Attendants ; for Fupiter keeps no dants or $4- 
fewer than four conſtantly by him, and Saturn five e 
in his Retinue, which is a Sight no leſs wonder- Salun. 
ful than delightful, Theſe Sateflits, like our Moon, 
dg always accompany their primary Planets in 

Hts N3 | theiy 
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Lecture their Circuits round the Sun; and in the mean time 
ou they perform their proper Circulations about their 
SS. Primaries ; and therefore they will have the ſame C 
Phaſes and Figures that our Moon ſhews us : Whey thi 
they are in i Lie 1t:on to the Sun, they appear to Satum th 
and Fu þ 2 righr and full; from thence receding, WM n. 
they aſſume a gibbous Shape : : When they —— 00 
to a Quadrantile Aſpect, they look like Half. th: 
Moons; before the Conjunction they ſhew then. Wl '" 
ſelves 1n horned Figures ; and when they come tg for 
be joined in the ſame Line with the Sun, they to. the 
rally diſappear. 
THESE Satellits, ſeen from the Earth, though the 
they go, at the furtheſt, but a little way fron en 
| their Primaries, yet ſometimes they approach them Zul 
nearer, and ſometimes remove a little further from 
rute kv. them. Ler A B T be the Orbit of the Earth, in fi © 
'& 3. the middle of which the Sun reſides. Let BF be the 
2 Portion of the Orb of Fupiter, in which ler do 
Jupiter be in , who keeps in the middle of the 
Orbits ot his four Attendants. Theſe Satellit or Spe 
Moons, when they deſcribe the inferiour Parts of 
their Orbits LMN, ſeen from the Earth o Di 

Fun, will appear to have a Motion Weſtward ; but 
while they are moying through the ſuperiour Por- 


tions G H K, we obſerve them to move Eaſtward, the 
. according to their true Motions. Now when their his 
viſible Motion is Eaſtward, they are twice hid For 
from us; once in O behind the Body of Fupite, for 
that is, in the Right Line which joins the Centers er 


of the Earth and Fupiter; and again they vaniſ and 

become inviſible. when they. fall into rhe Shadow 

of Jupiter, or are in the Right Line which joins 

the Centers of the Sun and Jupiter, and then they 

ſuffer Eclipſes, which is always when they are at 

their Full, as ſeen from Jupiter: theſe Eclipſes hap- 

5 ing in the fame manner as they do to our 

f E by he Interpoſition of the Earth between 
U 2351 n and it. 

erode HEN. Jupiter i is, to the Eaſt of the Sun, and 

27 ſeen in the Evening after Sun- ſetting, that 15 

Rea the Eapb 3 is in A, ; ey are Arn hid behind. 
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Jupiter, becauſe. of their viſible C anion: wit 


* . 


Jupiter, before they fall into his Shadow; and Sy 


their ſecond 1 deed in the Eclipſe, upon 


4e, e N 


MEE 


"BY the Motions and Ecliples of, rheſe Nong, The Paral: 


his Diſtance from the Sun may be calily known. ors. andthe 
For, let POR, be the Orbit of any-- S Tre 
; u 

5 tbe 
un deter- 


the Parallax of the Annual Orb in Jupiter, and 


for Example, the outermoſt; and ſuppoſe, the Earth 


in the Point of its Orbit A, the time: muſt be ob- du * 
. . 1 .* . | . . * mine ; 
ſerved when the Satellit lies hid behind Jupiter She ele 


Body in O: For which purpoſe the Moment of 


Time muſt be carefully mark'd when he firſt di. | 


appears, and then alſo, the Moment he becomes 
again viſible; the middle Moment between theſe, 
two, is the time when the Satellit is in On er 18 
the Line which paſſes: through the. Centers of the 
Earth and Jupiter. After the ſame manner ohſecve 
when the Satellit is in the middle of an Eclipſe, 
or in the middle of Jupiter's Shadow, that is, 


when it is in V; by this means we ſhall have the 


time ir takes to deſcribe the Arch OV. And be- 
cauſe his Motion about Fupiter is equable, and his 
N 4 Ferie 


. 3 : 


hadaw: But when. Jupiter * 
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Lectue Periodical Time known, we can from thence find 
VI. our the Arch O V ; for this Planet revolves about 


WY WV Fupiter in 402 Hours. Let us ſuppoſe the time be 
takes to move from O to V be 12 Hours ; {@, 


As 402 Hours is to 12 Hours, ſo are 360 Deg 

to a fourth Quantity, which will be found to he 
10 Degrees 44 Minutes. And therefore the Arch 
OV is 10 Degrees 44 Minutes. Bur this Arch 
OV is the Meaſure of the Angle O V, or of 


the Angle which is equal to it A S; and the 


Arch which meaſures this Angle is the Parallas of 
the Annual Orb, which therefore is known, In 
the Triangle therefore AF S we have the Angle 
ar &, and alſo the Angle ar A the Elongation 
of Jupiter from the Sun, which may be had either 
by a Calculation from Aſtronomical Tables, or 
by Obſervation. Beſides, we have the Side A8 
the Diftance of the Earth from the Sun, which 
we aſſume to conſiſt of 100000 Parts. Since 
therefore in this Triangle we have all the Angles 
and one Side, by Trigonometry we ſhall find the 
other Sides, and parricularly S Þ the D iſtance 
of Jupiter from the Sun; ſo likewiſe we may find 
A rhe Diſtance of Jupiter from the Earth; 
which is always variable. Bur for the nice De- 
rerminations of theſe Diſtances, it may be needful 
to have ſeveral, and thoſe very accurate Obſer- 
vations, made by rhe Skilful, and taken by the 
help of the beſt Teleſcopes. | ; 


Whether BY the Eclipſes of Jupiters Moons we are able 
Light be 


cpagot 
pr — In- 


fant, or in which cannot but raiſe our Wonder and Amaze- 
ment; that is, Whether Light be propagated to us 


Time ? 


to give a Solution of a Problem, which is the 
moſt noble and curious in Natural Philoſophy; 


in an Inftant ; or if irs Motion be ſucceflive, and 
if it takes ſome Time to arrive from the Sun, or 


any diftanr Object to us? Now theſe Eclipſes 


do ſhew us, that there is no inſtantaneous Mo- 
tion in Light, though it comes from the Heavens 
to us with a prodigious quick Motion, and in- 


credible Celerity. | 95 
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LECTURES + 
FOR if the Motion of Light were in an In- Ld 
kunt, when the Earth is at I, ar his greateſt Di- 


«4 F # 
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near, or never. ſo much rempte. Bur if Light takes hitec“ 
bp any time for irs Propagation through Space, it Moous, 
greater. And therefore ah Obſervator at X be. - 
ing ed. Jupiter than one at T, by the Pi- 
ſtance X T, which is almoſt equal to the Dia- 
neter of the Earth's Orbit, will ſooner obſerve 
the Eclipſe of a Satellit than a Spectator can do at 

T. And therefore from the Difference of rhoſe 
Times, which is proportional to X T the Diffe- 

rence of Diſtances, we can collect the Velocity of 
Light ; and fo” this Matter is in Reality. For 
whenever the Earth is at its neareſt Diſtance from 
Jupiter, the Eclipſes are ſound to happen ſooner than 

they do when they are obſerved from T at a 
greater Diſtance, where they fall out ſenſibly la- 
ter * than they ought ro be, accordirig ro our 
Aſtronomical Computations. "Theſe quicker and 
flower Rerutns of Eclipſes having been obſerved for 
many Years' by Mr. Romer with much Care and 
Diligence, upon them he founded his Argu- 
ment for demonſtrating the ſucceflive Propagation 
of Light; and by them he proved, That Light, 
like all other Bodies in Motion, had a determined. 
Degree of Velocity, and took a determined Time 
to move through a given Space. To which Opi- 
nion the moſt Part of the Aſtronomers and Philoſo- 
pers do now give their Aſſent. 

THE Particles theref6te of Light. though their 
Minuteneſs be indefinite and nor eaſily to be ima- 
gined, yet they have a progreſſive Rectilinear Mo- 
non, and are not diffuſed as by the Wares of any 
Medium or Fluid. Romer determines the Velocity 
ok Light to be ſuch, that it reaches us here from the 
1 . 1 — . ö Sun 


from Fupiter, an Aſtronomer here would 
7 an Echpſe of a Satellit at the ſame Mo- * 
nent of time he would do, were the Earth at X This ge- 
at ber neareſt Diſtance to Jupiter: For, according fior deter. 
to this Hypotheſis, Light is propagared 18 the ſame 9h 


ture 
VI 


lnſtant through all Spaces indefinitely, . whether of the gelb- 


es of Ju- 


will ſooner paſs through a ſhorter Space than Aa . 
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Lecture Sun in the Space of 11 Ming tes: But that Ditz 
XVI. does not ſeem to fbe leſs t than 50000000, M les; 
* which Space Light paſſes thro 1 in 10 ſmall a dime it 
that ſo rodigious a Velocity cannot eaſily be 0. con. 
90 ceived y us, which ſo much na gh the Velo. 
© "City of the ſwifteſt Bodies we know. For though 
the Earth has a very quick Motion round the d, 
| 1 et its Velocity, compared with the Velocity of 
Light, is no more than that of a Snail, in Cow: 
ea: pariſon of the Swiftneſs of the Earth, _ 
The FROM the Eclipſes of Jupiter's Moons we 
gitude of up 5 
Plates de- have likewiſe this Advantage, that. when they are 
| wry #4 obſerved in different Places of the - Earth, "he 
tions of | Longirude of Places are by ſuch Qbſeryations de. 
theſe Eclip-rermined, But that this Method of findin 12 
ſes. Longitude may be more eaſily underſto 
muſt firſt lay, down ſowe few Principles. 
IF chrough the., Poles of the Earth and any 
Place, there be drawn 3 a great Circle upon its Sur- 
face, this Circle, by the Rotation of the Earth, 
will be rurned round the Earth's Axis: And when 
the Plane of this Circle produced paſſes thro' the Ho- 
dy of the Sun, all the Inhabitants which live under 
this Circle, will then obſerye the Sun to cute 
into their Meridian, and they will have Mid- day 
from whence this Circle has the Name of a 
ridian, from the Latin Word Meridzes, which fe 7 
nifies. Mid-day, Now if we imagine another 
ridian placed more Weftwardly, which with the 
former makes an Angle of 115 Degrees, the Plane 
of this Meridian will paſs through the Sun one 
Hour later than the former did; and therefore 
when the Inhabitants under this Meridian reckon 
Mid-day, the Inhabitants under the firſt will rec- 
kon one Hour after Mid-day. If there be a Me. 
ridian which makes an Aagle of 30 Degrees with 
the firſt we mentioned; then when they that live 
under this Meridian have Mid-day, thoſe that 
live under the firſt will reckon two of the Clock 
after Mid-day ; and ſo for every 15 Degrees of 
the Equator which lies between the two Me- 


ridians, ſo many Hours more do they ay 
who 


| | 18% | 
. live under tffe more Eaſtern Meridian, than Lectut RM 
ich ee live under the Heſtern,, And. after the XVI. ö | | 
dane manner for every, Degree of the Equator www = | 
ne, Wi berneen Meridians, the Eeftern People, are four | 

on- Minutes ſooner . in their Reckoning than rhe R 
lo- Weſtern ; and for every 15 Minutes of a Degree, — 
ey reckon one Minute in Time: As for Example, 

un, I the Arch of the Equator berween the two Me- 24 

F ;idians conſiſts of 85 Degrees, dividing 85 by. 15, 'S 
. che Quotient 55 ſhews, that under the mote Eaſter- 

ew Meridian they - reckon the fifth Hour and 0 

we Minutes, when they under the Weſtern Meridian N 

are have Mid-day. And when the Eaſtern People have 
tbe Wl Mid-day, thoſe to the Weſt will reckon their 
de. Time to be the ſixth Hour and 20 Minutes in the 
te . Morning ; and the Difference between the Hours 
de which are reckon'd under theſe two Meridians, 
tl; will always be 57, if the Arch of the Æquator in- 
ny tereepted between them be 85 Degrees. 
ur- ON the contrary, having the Difference of the 
7th Hours which are reckon'd under two different 
hen Meridians for the ſame Moment of Time, we' ſhall 
Bo- by this Difference find the Arch of the Equator 
der intercepted between them; which Arch is called 
Mc the Difference of Longitude of the Places under 
y/ 3 W thoſe Meridians, when the Longitudes are com- 
Mer. puted from one fixed and ſettled Meridian, whick 
vs- is called the firſt Meridian: And this Arch is 2 
© bound by multiplying the Difference of the Hours 
the by 15, and the Product ſhews the Degrees. Ss 
ane i likewiſe if the Minutes of Time be multiplied * : 
one by 15; and the Product, if it exceed 60, be di- 

ore vided by 60, the Quotient and Reſidue will give 

Fon the Degrees and Minutes that are further to be 
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c. added to the former, and which make up the 5 | 
Me- Difference of Longirude of the Places. For Ex- 2 
lich ample, Suppoſe the Difference of the Hours to be 
i 1 and 22 Minutes; 7 mulyplied by 15 is 105, 


and 22 by 15 is 330 Minutes; which divided by 
ock 60, gives 5 Degrees 30 Minutes: And therefore 

of the whole Difference of Longirude is 110 Degrees 
30 Minutes. Theſe things being noted, 
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Lecturé IF in two different Places the Beginning of 2; 
XVI. Eclipſe of any of Jupiters Moons be Gbſeryee 
Du the Times marked when this Beginning beg 
ä d . the Times of the refieas. 
Places, the Difference of Hours converted int 
Degrees and Minutes of the Equator, will fhey 

the Difference of Longitude of thoſe Places, | 
IF we had Ephemerides of the Motions and 
Eclipſes of Jupiters Moons, accurately compute 
for any Meridian; inſtead of an Obſervation in 
another Place, we might conſult the Ephemeride, 
which tell when the Eclipſe is to be obſerved in 
that Place; and we might take from them the 
Hours and Minutes when the Eclipſe happens in 
that Place; and this time compared with the 
Time the Eclipſe is obferved in any other Place, 
will give the Difference of Times in thoſe tuo 
Places: And from thence we can find our the Dif. 
ference of their Longitudes, as before. The Lon. 
gitude of Places may likewiſe be found by Obſer. 
vations of Eclipfes of the Moon, or the Appulſes of 
the Moon to the fixed Stars, obſerved from ſeveral 
Places: But theſe are Appearances that are more 
ſeldom to be obſerved than are the Eclipſes of the 
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50 Man las hitherto been able to lay hold on the Leczure 
Reward; though they have propoſed many dif. XVII. 
ferent Methods and Ways of attaining it. Many gow WJ 
being much in Love with their own Inventions, 

inagining that they had certainly found it, have 

demanded the Reward promiſed to the Diſcoverer; 

but yet moſt of theſe Men have been ſo igno- 

ant that they have ſcarte known what it is to find 

the Longitude. AH e 


FEC 


LECTURE xvn. 
Of COMETS. 


ESIDES the ordinary Planets, Comets are 
which are always in our Neigh- ga of 
bourhood, and within our View, * 
there are another ſort of Planets 
which may be called Temporary; 
which are conſpicuous only for a 

Seaſon, after which they again withdraw, and are 

no longer viſible. The ancient Philoſophers al- 

lowed them a Place in the heavenly Regions, and | 

ranked them in Stations fat above the Moon, For | ; 

Ariſtotle, Seneca, Plutarch and others teſtifie, That The Pbilo- 

the Pythagoreans, and the whole Italian Sect main- An f _ 

tained, that a Comet was a kind of Planet or metss  * 

wandering Star, which appeared again after a long 

| Interval of time. Hippocratis Chius was of the 
ſame Opinion, as Ariſtotle informs us : The ſame 
was the Opinion of Democritus, as we are. told 
by Seneca in his Natural Queſtions, Book VII. Chap. 

3. For, ſays he, Democritus the moſt curious 
and ſubtile of all the Ancients, ſuſpected, that 
there were many more Sars which moved, un- 
derſtanding by them the Comets; but he neither 
eſtabliſned cheir Number or their Names, the 
$ | > 20 


ago, 
Lect 
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 48TRONOMICAL 

' «dure © Courſes of the five Planets not having as et 
WII. been diſcovered. Again, Seneca aſſures us, That 
Adollaiui Myndius,, one of the moſt $kilful Philo- 


# » 


ſophers in the Search of Natural Cauſes, did afler, 
T * 


at the Chaldeans reckon d among the 


0 10 e 
_ other. wandring Stars, and. that ey knew their 


Courſes. Apollonius himſelf maigtained, That a 
Comet was a Star of its own kind, as the Sun 
and Moon are, but that its Courſe was not jet 
known: That by its Motion it mounts very high in 


the Heavens, and only appears when it deſcends 


into the lower Part of its Orb. And Seneca him- 


ſelf imbraces this Opinion: I cannot believe, 
ſays he, that a Comet is a Fire ſuddenly kindled, 
but that it ought to be ranked among the Eter- 


nal Works of Nature. A Comet has its propet 


place, and is nor quickly to be moved from 
© thence; ir goes its Courſe, and is not extinguiſh- 
ed, but runs off from us. But you will ſay, if 
it were a wandering Star it would keep in the Zo- 


d diack: But who can ſet one Boundary to all the 


Stars? Who can reſtrain the Works of the Divi- 
* nity. to a narrow Compaſs? For each of thoſe Bo- 


dies which you imagine to be the only that have 


what Regions of Space the Comets wander, 


Motion, have very different Circles; why there- 


fore may there not be ſome that have peculiat 
Ways of their own, wherein they recede far from 
the reſt? But that their Courſes may be known, 


— 
* 


* it is neceſſary to have a Collection of all the an- 


tient Obſervations about Comets; ſor their Ap- 
pearances are ſo rare, that their Orbits are not jet 
determined; nor can we as yet find if they hace 
© their Periods, and if they return again in a cer- 


* rain Order. Ar laſt he thus prophecies. * The 
time will come wherein theſe things which are 
now hid from us, will be diſcovered ; which 


* Obſervation, and the Diligence of after-Ages will 
find out; for it is not one Age that is ſufficient 


for ſo great matters. The time will be when Po- 
* ſterity will wonder that we were ignorant of things 
ſo plain: One will ariſe who will demonſtrate a 
wiy 
they 


i they recede fo far from the other Planets, how Lecture — 


et great, and what ſort of Bodies they are.  _ XVII 

at "BUT for all this, the whole Sect of Peripate- Ly 

c- Wicks, fearing that Generations and Corruptions "Tha Peri. | 

rt, - mould be introduced into the Heavens by placing 1 ; 
he WH the Comets in them, thruſt all the Comets down Comets to 
ir into the Sublunary: Regions, and would maintain, be Meteors : 

a dat they were nothing bur a kind of Meteors. But 5 f ir. 

in de Phenomena, or the Manner theſe Comets ap- | 

et Fear in, will not ſuffer them to have a Place ſo, 

in low, and ſo near to us. For it is clear, that they are 

ds Woo generated in our Armoſphere, becauſe they 


are certainly far higher than it reaches: For Co- 


e, netz are to be ſeen at the ſame time from diffe- 

d, rent Places of the Earth, which are at great Di- 

I- ances from one another, which cannot happen to 5 
et ay Body chat reſides within our Atmoſphere, 

m which is not extended upwards above Fifty 

. Miles. E 


BUT that Comets are not only above the Air, conbtr are 


if 
„bor alſo beyond the Moon is plain; becauſe Co- bigher chan 
Ie mets ſeen from different Places, are obſeryed to be '** 


at the ſame Diſtance from a fixed Star which is 
near them. As for Example, the Comet which 
Hebo Brahe obſerved at Uraniburg, was likewiſe 


e- ſeen by Hagecius at Prague in Bohemia at the ſame 

ar me; which two Places differ 6 Degrees in Lati- 

m WM rude, and are nearly under the ſame Meridian; 

n, and both meaſured the Diſtance of this Comer 

u WM from the Star we call the Vultur; that is, how 

p- much it was below ir towards the Horizon; for. 

et WE both the Vultur and it were in the ſame Vertical - 18 
e Circle, and both Obſervarors found their Diſtance 

1 the fame, and conſequently they both viewed the 

ge Comet in the ſame Point of the Heavens; which 

— not be, unleſs it had been higher than the 

ch oon. | | | 

Il LET the Circle ABG repreſent the Earth, plate xv1. 
.. In which let Uraniburg be in A, and Prague at Fig. 1. 


B: let D be the Place of the Comet: let FC E A Demon- 


| | Jerry ftration that 
be the Firmament of the fixed Stars, in which let e perry, 


the Star F be-the Valtur ; the Place of the Comet bigber than' 


596 4sTRONOMIEAL 
Lecture ben from Draniburg among the Stars is E, ol 


XVII. its Diſtance from the Vultur is the Arch FLAW : 

4 but the Comer ſeen from Prague, appeats in C n. 

and irs Diſtance from the Vultur is the Arch Jy 7 

Which is leſs than the Arch E E. Bur by Oh 

vation it has been found, that this Comet {fer 

from both theſe Places, ſeemed. to be at the — 5 

wy Diſtance from the Vultur ; and-rherefore, the ky. Qi 

ches FE and F.C are equal, or rather the ſane fi 

So great therefore is the Diſtance of the Cong 1 

from the Earth, that the Arch GE vaniſhech, u in 

is altogether imperceprible : But che Moon (on if 

from theſe two Places would appear to have di. % 

ferent Diſtances from the Vultur 3 and ſo therefor (iſ fen 

would a Comer, were jt as near as ſhe is: Th dig 

Comer therefore was further diſtant off than te an 

ne tra A Comer ſeen from the Center of the Earth, ra 

and the ab. would appear in G; but from the Surface of the FO 

of oCondt. Earth at A it is oblerved in E: The firſt is called WM 2 

the Comets true Place, and the ſecond, its 5 BY 

rent Place; and the Diſtance GE berween the 

true and apparent Place, is called rhe Paralar of a 

the Comet: by it a Comer is always depreſſed Rij 

| more towards the Horizon, than it is in its true 7 * 

N:s Paral- Place. Now the Parallax of any Star is always a 

lake equal to the Arch which mcaſures the Angle, that 2 F 

the Earth's Semidiamerer, paſſing through the place bef 

of the Obſervator, is ſeen under from the Comet; a 

as we ſhewed before when we treated of the Pard. ba 

lax of the Moon. eng 

NOW if there be no ſenſible Parallax, th Fx 

Angle under which the Semidiameter of the Earth Fu 

is ſeen from a Comer, will not be ſenſible ; and wh 

therefire the Comets muſt needs be at a vaſt Di 8 

ſtance from us, ſince the Earth ſeen from thence il. {18 

Appears no bigger than a Point. TRE 

BY the help only of a Thread, in matter of i ©" 

AW: Yart 

find if i ſo great Nicety, we may find out if a Comet have , 

Cone 1 2 any ſenſible Parallax : For a Comet, juſt before it * 

| Thr pr "diſappears, goes ſo ſlowly, that it ſcarce feems t0 the 

bh move; and vt may be twice obſeryed in this man. Orb 
ner; Wl - 


_ - 3 UMA. 
I 8 


L 


FA 


EEE 


2 


the 


en AEG 


« - 


her: „ Firſt, when it is very ' bigh above 1. E 0 . 
. Nn 


gon, take any two Stars between, which t 
met lies in a Right Line parallel to the Hori 

which, by extending the Thread directly 9 5 8 
the Stars, may be eaſily tryed: afterwards, w| 
the Comet approaches near, to the Horizon, 

extending the Thread we muſt again try, 1 75 Ir 
till keeps in a Right Line between the ſaine Wo 
fixed Stars, Now if there be any ſenſible Para- 

lar which depreſſes the Comet, it cannot be 92 | 


in the ſame Right Line as before 3 and therefore 


if it keeps the ſame Poſition as to thoſe Stars, it 


is a.convincing Argument that the Comet has no 
ſenſible Parallax, and muſt therefore be at a pro. 


digious Diſtance from us. We need not here fear 


any Error ariſing from Refraction, which always 


raiſes the Stars, and makes them appear more 
elevated above the Horizon than they are; for | 


this Refraction equally affects both Comet and Stars, 


and therefore it will not change their Poſitions 


in reſpect of one another. Anoth 
A Comet may likewiſe be obſerved when 1 it is Method for 


near the Eaſtern Part of the Horizon, and in a be ſane. 


Right Line with two Srars that are both in the 


fame Circle which is perpendicular to the Hori- 


zun: And afrerwards, when the Stars riſe higher, 
and are not in the ſame Vertical Circle as 
before, if it appear ſtill to be in the ſame Line 


with them, it can have no ſenſible Parallaæ; and 


therefore its Courſe muſt be very high in the Hea- 
vens. But if it ſnould be found more depreſſed than 
to appear in the Right Line that joins the Stars, 
then the Comet muſt needs have a Parallax. If 
while theſe Obſervations are making, the Comet 
ſhould have a proper Motion ef its own, there 


muſt be made an Allowance for that Motion, ac- 
cording to the tims between the, wo Or 
ations. ö 317 

AS the 4 Ba of a Diornal: Parallar was an 2 on 
Argument for placing Comets above the Moon, ſo xo — 
"their being ſubject to the Parallax of the Annual of the 4nnu- 


Orb is a convincing Proof of their deſcending © 9: 
into 
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YW ofthe Signs, near the time of their diſappeari 
> -are all of them either flower than uſual, or ev 


ASTRONOMICAL 
"Have a Motion forward, according to the Order 


tion is ſwift,” But ar laſt when that part of then 


Retrograde, if the Earth be between tlie Sun au 1 
them; or they are quicker than ordinary in their { 
"Motions when the Sun is between the Earth and 1 
them p ' and rhey appear In Com undt ion with the 05 
2 ** Sun, as the Planets are obſerved to do. On the on 
Retrograde, Contrary, thoſe Comets which have their pt Per 
Morions Retrograde, or contrary to the Order of 
the Signs, are quicker than uſual when they be. vn 
gin to withdraw themſelves,” and diſappear when a 
f e Earth is berween the Sun and them; or ee Wl, 
rhey ſlacken their Pace, and ſeem to move more il}... 
"Nowly when the Earth is in the oppoſite Poſition, Wil aim 
* Theſe Changes in their Motions ariſe from the Wl gon 
Motion of the Earth, and its various Pofition, as 1 
in the Planets, who, according as the Motion of ter 
the Earth agrees with theirs, or is contrary to i, Bw 
ſometimes appear to go with a Retrograde Mo- these 
tion, ſometimes they go flower, and ſometimes {MW 10 
with a quicker Motion. . or the! 
IF the Earth move the ſame way as the Co W,.. ; 
met does, and hath an Angular Motion round the Mag: 
Sun quicker than it, fo that the Right Lines which I Kren 
conſtantly joins the Earth and Comet, all converge pear 
to points beyond the Comet; this Comet ſeen har 
from the Earth, upon the account of his flower Mother 
"Motion, will appear Retrograde: Bur if the Mo biet 


tion of the Earth'be leſs than that of the Comes, 
the Motion of the Earth rakes off from the viſible 
Motion of the Comet, and then the viſible Motion 
of the Comet ſeems to be flower; But when the 
Earth and Comet have contrary Motions, the Co. 
met s apparent Motion is thereby accelerated. 
WME infer the ſame thing from the Curvarutt 
of a Comet's Way, for they generally ſeem 10 
move in great Circles almoft as long as their Me- 


apparent Motion which ariſes from the Parallu 
of the Annual Orb, bears a greater Proportion 


LECTURES. 


This Deflection or Deviation ariſes chiefly from 


hive deſcended far below Jupiter: And in the 
Prrigeons and Perihelions, when they are neareſt tb 
us, they often come within the Orbit of Mar}, 
and even the Orbits of the inferiour Planets. * ? 
WHEN the Comets recede from the Earth, 
ele WY and approach the Sun, their Luſtre and Light is 
gore encreaſed, although their apparent Diamerers be 
* diminiſhed upon account of their further Diſtance 


the Earth moves one way, they go the contrary: 


* 


f | HA 1957 
theit whole apparent Motion, then they uſe to de- A 
viate from moving in a great Circle; and when TfL 


I 


the Parallax of the Annual Orb, and exactly ati- 
ſuers ro the Quantity of the Earth's Motion. 
And by Obſervation it has been found in ſoe 
Comets ſo great, as ſufficiently to prove thar'they + 


— 


„ 1 THE Figures of Comets are obſerved to be Ten 


n af rery different; for ſome of them throw forth 
„ Bf Beams like Hair every way round them, and 


. theſe are called Hairy Comets. Others again have 


a long Beard, or rather a fiery Tail oppoſite to 
„de Region in which the Sun is ſeen ; and they 
Co Ware called Bearded, or Comets with Tails. Theit 
the Magnitude has alſo been obſerved to be very dif- 
dich ferent ; many of them, without their Hair, _ 
enge ¶ pear no bigger than Star, of the firſt Magnitude. 
leet but ſome Authors have given us an Account of 
der others which were much greater; ſuch was that 


M WW abich appeared in the time of the Emperor Nero, 


Magnitude to the Sun itſelf. So the Comet which 
in the Vear 1652. Hevelius obſerved, did not ſeem 
v be leſs than the Moon, though it had not ſo 
bright a Splendor ; for ir had a yr and dim 
Light, and appeared with a diſmal Alpect. Moſt: 
Comets have a denſe and dark Armoſphere ſur- 


* tle Sun's Rays that fall upon it; but within it 
as appears the Kernel or ſolid Body of the Comer, 
Jn 10 ich, when the Clouds are diſperſed, gives a 


plendid and brisk Light. | | 
1 i COMETS, 


which, as Seneca relates, was not inferiour in 


ounding their Bodies, which weakens and blunts 


” 
. 
oY — — 
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196 ASTRONOMICAL _ 
Lecture, COME TS, fince they are at ſuch, a diſfagy 
4 2 VII. from the Earth, like all other Stars, muſt haye 
1 the Apparent Motion round the Earth from gef 
A 7 to Weſt, which ariſes only from the Rotation of the 
bent diurnal Earth round its Axis. Bur beſides this they haye 
Motion from a real and proper Motion of their own, by which 
Ealt coWell. they are continually” ſhifring their place in th 
Heavens, and have their proper coutſes in the 
Celeſtial Regions. The Antients were not igng. 
rant of ſuch a Motion, for they never ha 
| reckoned them among the wandring Stars, unleß 
they had known that like the Planets, they had 
their peculiar Courſes : Seneca acknowledged and 
obſerved that they had ſuch a Motion, and 
ſaid that their way was in a Right Line, or x 
the Aſtronomers uſe to ſay, in a great Circle, For 
ur 4 in the Seventh Book of his Natural Queſtions, 
proper Mo. Chap. 8. he ſays, that the Courſe of a Comet i 
tion of their * eaſy and quiet, that it takes a determined way: 
91, _* Thar Comets do not proceed in a confuſed and 
tumultuous manner, as ſome believe, nor are they 
„driven by Turbulent and uncertain Cauſes. In 
his 29th Chap. he mentions two Comets, one of 
which in the ſpace of fix Months paſſed thro one 
half of the Heavens: Anorher in the Time of 
the Emperor Claudius, was firſt obſerved towards 
the North, which by Degrees aroſe directly higher 
and higher, till it quite diſappeared, 
> —_—_ BY rhe means of a- Celeſtial Globe, in whoſe 
tbecourſe of Surface the Stars are rightly placed and painted, 
aComet. by a Mechanical Merhod the way of a Comet 
— may be eaſily traced in the Heavens, Let there 
be every Day obſerved four Stars which are round 
; the Comer, and let them be ſuch as the Comet 
* may be in the Right Lines which joins the tuo 
0 oppoſite Stars; which may eaſily be found out bythe 
| means of a Thread placed before the Eye, and 
Plate XVI. extended over; againſt the Stars and Comet: For 
8. 2 Example, let the Comer's place be A, between the 
four Stars B, C, D, E, ſo that the Line joining the 
Stars B and D may pals thro' the Body of the 
Comet; and fo likewiſe the Lines pailing 9 
| 1 


1 | RY 


„au which are marked theſe four Stars in their pro- XVII. 
Rage 18 places, extend one Thread thro the Garth * 2 
and D, and another thro the Stars C, E, and the of Y X ay 
of ie BY eden of rhe _ Threads will give you, the” © 

place of the Comet, If this be daily done, and 
which che place of rhe Comer be every Day taken, by 
I dchis means we ſhall manifeſtly find out the Cours | 
\ the Wl Comet takes in the Heavens, which, will be 
igns found to be a great Circle; for all the Points thus 


mark'd will be found to fall on the Periphery 6f 
a great Circle; And having, any two Points .« 
this Circle, we ſhall find its inclination to the 


Eclprick, and the places of the Nodes; for it 4s 


9 only obſerying where a Thread ſtretched thro, 
or as WI tbe cwo Points cuts the Eclipticæ. 

For THE AY 0 e Way 5 finding out the 4nvebey 
; proper courſe of a Comer, by obſerving ever Day rf dang 
— its diſtance from two fixed Stars, = A Joke be me. 
way: tudes and Latitudes are known; from which, die , 
2nd WY ftauces we can compure the places of the Comet 

h Celeſtial. Globe, will manifeſtly ſhew that chf ** 


Courſe of a Comer is in a Portion of a great jy be in 4 

Circle, excepting. that the. Motion of the Earth greatCircle. 

will make ir appear to deviate a litle from it., 

HEN CE it is manifeſt that the Motion of * 

oher I Comet is in a Plane, which paſſes thro the Rye mers is in 
of the Spectator, or more exactiy which paſſech gh 5. 


ha Ser he Sen, for al le Marion, has u e e 


in ſuch a Plane, however it be inclined. to the Er or the Sud. 


— cüptick, will always appear go be in che Periphery.,,. .zr 
here of a great Circle. Moreover, the; Motion gf. wil 
und i Comet is regular and ordeply, and tho it ig : 
met WM Jual, yer there. ig a certain exact order obſery Q 
mo in the very inequality of Mqtion, The proper. gen. 
yrhe Motion of Comets is nor, the, ſame; in all, bug fer varie. 
and each has its peculiar Courſe: Some ga from che 


ror Vet to the poſt, others from Hat to Meſt, cor 


the WI tary; to the order, of, the Higas, and their; tr 
the '*Xion is contrary to the way. che Planers. rake, 


"che WY o all maye. from 7+ Nin By 


the Kar, C and'E. And herefore u pon a Globe L ge 


— — 


—— — — — — — 
— — 2 
n — — — <5 
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x8 ASTRONOMICAL 
Lecture exactly obſerved, turn Sourhwards or Norebwarli 
XVII. with different inclinations to the Ecliptick; and 
tdey are nor like the Planets ro be 1 
within the Zodiack, but they quickly depart our 
of it, and with various Motion paſs thro all thy 
Regions of the Heavens, ſome with a quicker 
ſome a flower Motion: The greateſt Velocity 
that any we have yer ſeen has had, was thar 
r was obſerved by Regiomontanut, which 
Comet moved in one Day fully forty Degrees 
Some are ſwifteſt in the beginning of their ay. 
peatance, and ſlacken their pace as they begin tg 
vaniſh. Others again in the beginning and end 
bf their Appearance have flow a Motion; but in 
oo middle Time they are carried with a greater 

ci. . 

Eamets II his been obſerved that ſome Comets for 4 
vie fre ew Days before they diſappeared, did not keep 
greatCircle, their Courſe exactly in a great Circle, but did 
+, fornewhar deviate from it, ſo that the Angle of 
| tie Comets Orbit and the Ecliptick, was found 
: do be different at laſt from what it was at firſt 
But this deflection was only apparent, and did 
+ -» -+ « not ariſe from the real Motion of the Comer, but 
from that of the Earth, as we ſhewed in the In- 
ferisur and Superiour Planet:; whoſe diſtance 
-v} h nous ang Inclioation to the Ecliprick is various, accords 
+ - ng to rhe different Poſition of the Earth, whereas 
if they were obſerved from the San, any one df 
them would always appear to move in the ſame 


VJ 2 1-05 6 2 | 
The rue "ALT HO the Motion of a Comer appears 
Line that a be in a great Circle, yer irs true way may be qui 
Comet de- „ 4 9 S rl nn fa, a | 
ſcribes, Piifferent from a 8 and may be in ver] va. 

dus and differenr Lines, as either a 2 Line, 

an Elliptick, Parabolick, or Hyperbolick Curve; 
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ene -\ of it may be any other Curve deſcribed in the 

8 c Plane: for all Motions in whatever Line the 
Moving Body rakes, when it lies in a Plain paſ- 

Ang thro' the Eye, will always be obſerved to be 
performed in à great Circle. Many Philaſepßeri 
Jud not a fow-g/tromomers, have maintain = 
— 3 | 6 
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Spaces proportional to the Times; Aud thereforg 
upon the ſame account as the Planets, they hkes; - 
wiſe. muſt. have a Gravity or Propenſion cowards 
C noted ut Ss Tho g. 
WIEN the Comets catmne to the inferiour Parts fn © 4 5 
their Orbits, and deſcend towards the Suu, or are t [Scans 
juſt aſcending from him, then only they become en Iuris. 
vidble; afterwards departing from the Sun, and aſ- Lie. 
cending higher in their Orbits, they run out into 
far diſtanr Regions, and withdraw themſelves 
from our Sight: for upon the account. of, their, 

ing further off the Sun, the Light they E 

m him is thereby much weakned; and becauſe 
likewiſe of theit greater diſtance from us, their 
Apparent Diamerers become: conſtantly leſs, till at 
laſt they vaniſh. into a Point, and become inpiſt⸗ n 
ble. In their Apbelions whither they run out into 
fir diſtant Regions, becauſe of the great EAc en-. 
tricity of their Orbits, they have a very Gow M. 
tion; but in their Prrihelious here they come naar 
the Sun, they move with a quick pace, de. 
LET S be the Sun, AP DG the Elliptick Orbit 
of a Comet; TCE the Orbit of the Furth. If wg. 
ſhould ſuppoſe! the ſemi- Axis of the Comets 
Orbit to be 100 times greater than the ſemi: Ax 
af the Earth's Orbit, 88 is the ar AR 
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200 ASTRONOMICAL 
Lecture its mean diſtance ſrom the Sun, that Comet would 
XVII. not compleat its Revolution in leſs than roo 
ears; for the Squares of the Periodical Times of 
the Earth and Comet, muſt be as the Cubes of 
their mean diſtances from the Sun: and the Comet 
becomes viſible only for that part of its Period, whete. 
in it deſeends towards the Sun, and approaches near 
the Earth as in P; and then after it hath paſſed its 
Peri hol ion, conſtantly rifing higher from the Sun 
about G, it will begin to vaniſh, and will not 

be viſible without a Teleſcope. If the Apbelim 
diſtance be to the Peribelion, as 1000 is to one, 

the Velocity of a Comet in the Peribelion, will 

beat the ſame Proportion to the Velocity at the 
Aphelion. For the Area A S B muſt be but equal 

ts chie Area PS D, if the Arches AB and PD be: 
deſeribed by the Comer in equal times, and then 

the Arch P D' muſt be greater than A B, in the; 

ſame Proportion as AS is greater than PS. This 
is the Proportion of their abſolute Velocities. But 
ttheir Angular Velocities about the Sun are in a du- 
r plicat Proportion of theſe diſtances, or as/1000000! 
to, ſo that while the Comet in its Perihelion deſeribes 
one Degree wirh its Angular Motion; when it aſ- 
cends to its Apbelion, it will deſoribe in an equal 

Time but the S fia Degree; ſo that there ir 

may have {o-flow:ia Motion, that it will re- 

ire” ſeveral Years before it can compleat a 
5 egree of Angular Motion. 1 at 21 tin an 
The ſmall SIN CE che Eſtipti H Orbits of Comets are all 
Portion of of them very Excentrick, thoſe Portions of them 
” . — wherein they become viſible to us, may paſs for 
_ deſerites parabula s: Fur if one of the Focus s of an Ellipſe 
"he 5 5 recede inſinitely from rhe other, this. Ellipſe will 
may be «- thettby be changed into a Parabola, as when the 
Heemed 4s ti Foes come together and coincide, the Ellipſs 
a Paralola. j, changed into à Cirele. Now by conſidering 
chat Borcion of a Comet's Orbit which is near 


Plate XVI. 
Fig. 3. 


the Plriheliꝭn, us à poice of a Para bola near its 
Pertex' the Calculaxion of their Motions becomes 
much eaſier; and upon that Hypotheſis our moſt 
9 ful Aſtronomer and Geometer Dr. Halley, has: 
re confiraced 


AY 


„Ee MW 
couſtructed and Calculared-a Table, by which-rhe Lecture 
Motions of all Comets are eaſily compured,-and XVII. : 
the Calculations founded. on this Hypatheſis,:do W Wt - 
exactly agree with the Obſervations made on them. * 
Dc, Halley himſelf having computed the Motions 
of ſereral Comets, and compared them with Ob- 
ervations made by others, has found there was 10 
nice a Correſpondence between them, that the 
Calculation ſcarce ever differed from the Obſerva- 
tion above three Minutes. By which Examples it 
is abundantly manifeſt that this Theory ſatisſies all 
the Appearances and Motions of Comets, with no 
els exactneſs than the Motions of the Planets are 
accounted for, and foretold from the Theories we 
have of them, whoſe computed places do ſometimes 
differ from Obſervations as much as in Comets. And 
altho the Motions of Comets are much more un- 
equal than thoſe of rhe Planets, yet this [Theory .. ... ... 
does wonderfully anſwer all theit — ht on 
and therefore ſince it is huilr-upon the ſame: Laws . 
aj the Theory of the Planers,.and rhe Motions of ß 
one governed by the ſame Phyſical Cauſes aa 
they. of the other are; and ſince it accurately an- 
ſwers all Obſervations of Aſtronomers, it cannot but 
be the true Theor. „ 


ALT HO”. all the Planets have their proper, Jam ©: 
Motions from Weſt to Eaſt, yet many Comets from ball 18 
have been oblerved to hold on in a contrary Wet. 
Courſe, and have been ſeen to go from Eaſt to 
Mall, with a very great Degree of Velocity. Such 
was the Caurſe of che Comet which Regiomonta- 
uus obſeryed in the Lear 1472, that deſcribed. 40 
Degrees of a great Cirele in one Day. Hence we 
an; poſitively conclude that there are no Vorticet, Fear 
or Whirle-pools. of Fluid matter in the Heavens, novortiices, 
wich according to tbe Opinion of ſome Philoſo- 
plerg carry the Planet round the Sun: for if there 
were any ſuch Whirle⸗pools, when the Comets 
eme down and enter within the Region of the 
Planets, they muſt be. neceſſarily dtiven out of 
their Courſe, by the rapid Motion of the Solar 
Yonex, as by a mighty Torrent, whick 2 

W | rt 
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Lednre Bars is of ſuch a force, that it carries it aboy; 
XVII. 20000 Miles in an Hour: and who can think tha; 

WYWY forapid a Stream would not affect the Comets, aud 

ä when they have a Motion contrary to its Motion, 
ſoon deſtroy it: For what can reſiſt fo violent x 
Torrent of Fluid matter. Now many Comet 
have been obſerved who take a Courſe direckiy 
contrary to this Stream, and which perform their 
Motions with the greateſt Freedom and without 
the leaſt NReſiſtance, juſt aftet the ſame manner i; 
they would do in a void Space, where there i; 
nothing to withſtand them. But this js plainly 
repugnant to the Nature of a Port æ, for that 
Medium which can put the Planets in motion, would 
without all Queſtion, ſer all other Bodies which 
Swim in it 2 going the ſame way. But ſiner there 
is nothing like this obſerved in Comets, we muſt 

There i; acknowledge that in the Heavens there is no Re. 

we Flud in ſiſtance, and therefore no Medium or Fluid, which 


5 ones compared with our Ait hath any ſenſible denſity: 


[ 


Denſity. to all Bodies that move in it. 
LET not therefore the Cærteſans and Leilui, 
tans, talk to us any more about their Fortier 
bk for the Appearances of the Celeſtial Bodies a 
q fuch, as that we can by no means admit of them; 
fo that they who labour to explain the Mott 
of the Heavens by them, do only amuſe us with 
trifles and impolſibilittes; and it is to no purpoſe 
to trouble our ſelves any lotiper with their Fagcics, 
fince there is Demonſtrattow againſt rhem, ' 
SINCE the Reſiſtance of a Fluid Medium ariſe 
chiefly from its Denſity, it from thence neceſſarily 
follows that where there is no ſenfible Reſiſtance 
of rhe. Medium, there the Medium muſt bave to 
ſenſible Denſity; and therefore ſince in rhe Hes- 
vens the Comets fuffer no ſenſible Reſiſtance; but 
exert their Motions with the greateſt freedom, a3 
if they were in a perfect void or Vacuum, there 
likewiſe the Denſity of the Mellium muſt be the leaſt 
hat can be, or next to Nothing; And who knows 
but the Medium in che Heuyens- may be * 
C N | an 
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| ſenſble For our Air gives a very conſiderable Reſifttne: 


FI Sp 


RASSIRETESED ADS C2 


Lectures 


fi e, that if ou excep the Planet H e 1 8 
175 the Nas which is ago * 


che reſt of che Planerary cgion, or bart Solar 
Stem, may not be ſo much 3 as thar 5 5 3 
tained in an Inch of our common b 8 
ve 1 demonſtrated to be p ern. 
feal res, | 

THE Philofo phers after this weed — uy 0, -4 82 
boget with their Metaphyſical Quirks a A proved. 
Vacuum; for they ſeem tõ be very like the bre 


of the Antient Sophifts, againft the votibility of 


Morion: and as Drogenss confured thoſe Sophsſts by, 
rifing and walking, ſo we may anſwer the Carte- 
fans by bidding them look up into the Heavens 
and there notwithſtanding their ary. and ſubtle_ 
Arguments, rhey will find, from rhe Appearances. 
and Motions there obſerved, a matifelt De Demon- 
ſtrarion for rhe neceſſity of a Vacuum. 
FE W Comets have 2 beta obſerved before their The Tails 
deſcent ro the Sun, and their Ret . from their of comers. 
Peribelion. For before they have been conſidera- 
bly heated in the Neighbourhood of the Sun, they. 
ſcarcely project a Tail to make them remarkable. 
But after they have been well heated in their Peri- 
lelion, then they generally ſend forth a large ſhin- 
ing and fiery Tail, which ſeems to conti of 4 
very fine, rare and luminous matter, which is at- 
tenuated by the great heat of the Sun, and pro- 
jected with an immence force from the Body of 
the Comer. The cauſe of this Projection perhaps | 
may be very like chat whereby a great quantity 
of fine Lucid Vapour was lately thrown out from 
the Earth, ro an immenſe height above rhe Air, {6 
that it was viſible thto the greateſt part of Europe; 
and in Figure and Luſtre looked very like the 
Tails of Comer ut the matter being! ſpent it ſoon 
Yan! | 
TT is very remarkable that all Comets have m Toile 
7 Tails in oppoſſtion to rhe Sun, that is if the of Comets 
be in the Wiſe, the Tail is p l 10 Eaſt ward, 45 4 
5 tif the Sun be in the Eaſt, the Tail looks Peſt. Sun. 
band; at Midnight the trection of rhe Tail is a 
the 
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6 the North, Theſe. Tails grow bigger as they. de; 


IV II. ſcend ta the Sun, and at the Peribelions they ate 


w biggeſt; and as they go further off from the $ 
and cool by degrees, ths. Tail leſſens, till at Iak 15 
is contracted: within the Comets Atmolphere. 8 


COMETS. which have ſhort Tails do not Wt 
| throw forth the matter of them with a very . 1 
Motion, in a continual Stream from their Bodies, 


for then they would ſoon be diſſipated and vatilh; 


but theſe Tails. feem to be rather permanent and 


fixed Columns of Vapour 1980 Exhalations, which 
being propagated from the Body with a flow Motion 
upwards, and retaining | ſtill the Motion which 


they had impreſſed in them to go along with 
the Comet, they ſtill continue to move on wich 


the Body thro the Celeſtial Regions. From 
hence we. may likewiſe conclude that in the 
Heavens there is no Reſiſtance; for in them not 
only the Solid Bodies of Planets_move, bur alſo 


the thin and fine Vapours which ariſe from Co- 
mets feel no reſiſtance, but move. with the. great- 


eft freedom, and for a long time F their 
Motions. Fre 

THE great Comet which appeared in the 
Fear 1680, after its departure from the Perihe- 
lion, projected ſuch a Tail as extended its (elf 
more than 40 Degrees in the Heavens; nor can 
this be 3 wonder, for it was ſo gear the Sun, 
that its diſtance from his Surface at the Peri helin, 
was but a ſixth Part of the Diameter of the Sun's 


Body; and therefore the Sun ſeen from the Body 
of the Comet would appear to fill the greateſſ par | 


of the Heaven, and irs Apparent Diameter would 


not be leſs than 130 Degrees; and therefore the 


heat it received from thence myſt be prodigiouſly 
Intenſe beyond imagination, for it exceeded above 
3000 times the Heat of red hor Iton. And there- 


fore we muſt allow that the Bodies of Comets 
which — bl ſo great a heat muſt be yery. 
denſe, h nd durable Bodies: for if they were 


ALD oP urs and Exhalations raiſed from 


8 the Earth and, 5785 as ſome haye dreamt, this 


" Comer 
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— — at fo near an approach to the Sun, miſt Lecture 
have been quite deſtroyed and 8 4 NI 
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LECTURE. XVIII. 


The 5 pherical Doftrine, or if the Ciriks c 
wh the S ures 
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yang I N 0 1 every Spectator i in e The 
place of th the vaſt Expanſion of the U- by 1 
8 niverſe by reſides, is always in the jnthe center 


Center of his own view, when he looks of bis own 


up, at, the Heavens; he will ſee it as 4 Concave “ New. .. 


Spherical Surface, whoſe Center is the Eye, whick v | 
Surface is every where beſpangled with an innu- | 
merable multitude of ſhining Stars: and the 
Spectator will likewiſe obſerve that all the Hea- 

venly Bodies perform their Motions whither real ,, ;. 

or apparent in this Surface. Naw ſince the di- matter whe 
ſtance of the Earth from the Sun is bur a Point, as ther 2 
it were, in compariſon of the immenſe diſtance of Ke he 
the Starry Firmament, in whatever Point of its confderedio 


Orbit rhe Earth is placed, there will be the ſame = the dun 
proſpect of the Heavens, the ſame Poſition and 


or Earth, 


Magnitude of the Stars and Figures of the Con- 
ſtellations, as a, Spectator would obſerve did he re- 
fide in the Sun, and therefore it is; the ſame thing 
as to theſe Appearances whither the Genter of the 
Univerle or Heavens, be placed in the Sun or 


Earth: and if we imagine ſeveral Circles to paſs 


thro' rhe Earth, and to have its Center for theirs, 
and others Parallel to them to -pals thro the Sun, 
the Circles in the Heavens will ſeem to coincide, 
becauſe their diſtance will vaniſh in- reſpect of the 
immenſe diſtance of the fixed Stary; and thoſe Cir- 
cles which are drawn thro the Sun and Parallel 

aralle 
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LeAure Parallel Planes will appear to paſs thro' the a 
XVII. Sar in the Heavens 


ad 


OR the berter determining che places of 41 
ſort of Stars and obſerving of their Motions, it i 
requiſite to imagine ſeveral Circles deſcribed in 
the Heavens, ſome of which are great Circles, g. 
thers of a leſs fize. A great Circle is the greateſt 
that can be deſcribed on the Surface of the Sphere, 
and diyides it into two equal portions, and has 
likewiſe the ſame Center chat the Sphere has, and 
therefore all great Circles having the ſame Centtt 
_ cur each other into equal Portions or Seni. 
circles. F : 


cite I THE lefſer Circles divide the Sphere into ut 


Wa 
1 


equal Portions, and have not the ſame Center that 
the Sphere has; and they take their 


mination from ſiome great Circle to whom the 


are Parallel, as the Equator, Horizon, or Eclip- 


| ThePoles EVERY Circle of the Sphere hath two Pol] 
circle. which ate Points on the Surface of the Sphere, 


and 


1e, the place of the Spectator, and have a regar 


which are at equal diſtances from all the Point 


of the Cirele; and they are placed in the Surface 


where a Line from the Center perpendicular to 
the Plang of rhe Circle meets with the Surface of 


te Sphere, when the Line is produced boch 
„ 2700 26 HE I TS e VE r. 
crcles SOME Circles of the Sphere depend only 57 


veable. his poſition; others again are produced by Motion: 


/ 


the firſt are called moveable Circles, becauſe as 
the place of the Spectator is changed fo are they, 
and move along with him. The ſecond are called 
immeveable, and are ſuppoſed to be fixed to the 
fame Points of the Heavens. 

IT IIE Cireles which owe their Origin to Moriop; 


are chiefly-the Ecliptick and EquinoCtial and their 
Parallels. For becauſe the Earth is carried round 
the Sun in a Year, a Spectator in the Sun will ſee 
the Earth deſcribe a great Circle in the N 
or Starry Firmament, which we call the Ecliptick; 
and it is the very ſame Circle which we in the 


; Earth 


E's 


| z obſerve the Sun to move in by an Apparent Lecture 
ane — likewiſe in the — of a Near, as we XVIII. | 


wed before: The Ecliptick is divided into L4Yy Ng 
q h Yonles or Signs, and they have their Names from; | 

de Neighbouring Conſtellations: they begin at te 
* ynnal Interſection of the Equator and 'Ecliprick, 
and are reckoned from the Haſ Eaftwards as the 


f al Torlve equal parts, which are called the Twelye ry wy A 
«14G 


here, : 

ſeems to move. The firſt three Signs are 
rn, which riſe from the Equinoctial, and af 
with end :Northwards to the Point of the Summer Sol- 


from Cancer and deſcend again towards the Equi- 
goctial till they come to the Autumnal Interſecti- 
zn. The third Ternary. of Signs conſiſts/ of , ft, 
which begin at Libra, and departing from the EB-— 
guinoctial Soutbward, reach the Winter Solſtiee. 


15 yrs make the fourth, which begin at Capricern, 
. ind end in the Vernal Equinox. Each Sign is di- 


rided into 30 Degrees and conſequently the whole 

Ecliptick into 360. The Sun is always obſerved in 

this Circle and never deviates in the leaſt from it, 

as the Planets do, which go ſometimes on one 

fide of it, ſometimes on the other, thro a ſpace of 

about eight Degrees, and therefore if we imagine 

1 broad Circle or Zone, of about Sixteen De- 

grees in breadth, which the Ecliptick euts in tue 
middle, this will be the Space wherein the Planes 
perform all their Morions, and by the Greeks it is 


S. SSS 3A 


Sign bearer, becauſe of the Signs placed within it. ack. 
[F we imagine an indefinite number of great 

Circles to be dran thro the Pole of the Ecliprick 

and interſecting of it, theſe Cireles are called Se- 

cundaries of the Ecliptick; for by them every St ,F;pe Len- 

and Point of the Heavens are reduced to the Eclip- tick. 

tick, and have their places in regard to jt deter- 

mined in the Heavens. For the Place of any Star 

recuced to the Ecſiptick is that Point Where the 

Secundary pailiag chro the Star interſects the Eelip- 

tick: The Arch between this Point and the begin- 

ning of Vor the Vernal interſection, and counted 


LP 


a P33 ton2 


SAS. 


called che Zodiack, by che Latines Signifer, or the rhe Zodie 


Secundaries 
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Lect ũre Exftward is called the Longitude of that Stur x 
XVIII. the Arch of the Secundary between the Star an. 
rthe Ecliptick is called the Latitude of that d 
3 is either North or ' South ; for the Ecliptick d. 
— of vides the Starry Firmament into two Hemiſpbem 

anl. be ae 
- SINCE the Earth turns round its on A 
from thence ir comes, that the Inhabitants theregf 
ſee the Heavens and all the Stars revolve round 
the Earth in the Space of twenty four Houts from 
Eaft to Weſt ; which Apparent Motion is called the 
Diurnal, or daily Revolution of the Heavens, and 
"I was conceived to be by the Force of a moving Sphere 
The pri- called the Primum Mobile or: firſt mover, which 
pm carried the whole Heavens round with it abon 
an A which coincides with the Axis of the Eu 
beer as if the Earth it ſelf had no Motion, 
ut the Heavens were Volvible. The great Circle 
which is exactly between the two Poles of the 
Earth, or at equal diſtance from both, is called the 
_ Earth's Equator; and if we imagine the Plane of 
this Circle extended or produced to the Heaven 
it will there make the Celeſtial Equinoctial Circle, 
or the Equator in the Heavens; and all the Stan 
and every Point of the Heavens, except the two Fla, 
The Equi- Will ſeem to deſcribe by their Apparent Revolutiq; 
noctial. either this Circle, or a lefſer Parallel ro it; which 
Ticles are either bigger or leſſer, according asthe 
Star which ſeem to deſcribe them, are more renjoy 
bi 8 ed or nearer to the Pole. | : / Age 
IHE Equinoctial and FEcliptick being both 
great Circles, will cut each other into Semi- circle, 
and their common interſection will always keep 
Parallel to irs ſelf, and will conſtantly be directel 
to the ſame; Point of the Heavens, for we here 
abſtract and conſider as nothing, that very ſmal 
Motion whereby the Axis of the Earth falls back- 
ward, and rhis Interſection equally with it. And 
therefore whenever the Sun is obſerved in the 
Point of the Ecliptick where this interſection is, 
that is, when the Earth is really in the oppoſite, the 
Sun then by his Apparent diurnal Motion will de- 


— 


ſcribe 


— 11 1 | : Fe j 2 5 
ſcribe the Equinoctial Circle in the Heavens; and 1 7 'T 


every Year, that is, when he is in the two Inter- 
ſections, Vernal and Autumnal, at which times all 


and Nights equal; upon which account this Circle 

has got the. Name of the Equinoctial. The Angle 
which the Ecliptick and the Equatot make at the 
Points of Interſection is about 233 Degrees. The 
Sun leaving theſe Interſections by an Apparen 
Motion, declines every Day from the, Fass 
Circle more and more towards the North or South, 

till he comes to the Nintieth Degree from the In- 
terlections, where he appears ro be 235 Degrees 
diſtant from the Equinoctial, which is his great- 


tun again towards the Equinoctial, and therefore 
the two leſſer Circles, which the Sun at his greateſt 
Declination ſeems by his Diurnal Motion ta de- 
ſcribe, are called the Tropicks, from a Greek Word _ The 


of the Equinoctial is called che Tropick of Cancer, 
the other on the South fide the Tropick of Capricorn. 
How this Apparent Motion of the Sun and con- 
tant change of his Declination ariſe from the real 


the Inhabitants of the Earth will have their Days 6 


eſt Declination : For from rhence he 8 675 o re-. 


chere being two Points of Interſection, the Sun will XVIII 
be; obſerved to_reyolve in the Equinoctial twice = 


1 
which ſigniſies to return: This upon the North fide Tropicks. 


hich Motion of the Earth, the Sun himſelf being all the i 
ode Vile ar reſt, we have already explained in out ſe- | 


clo; ind cheſe are deſcribed; by the Apparent Diurnal | 
keep Motions of the rwo Poles of the Ecliptick round | 
el the Poles of rhe Equinoctial, from which they are | 


yenth Lecture. 1 * 


THERE are two remarkable leſſer Circles 1 
the Sphere which are Parallel to the Equinoctial, relar circles 


diftant_235 Degrees. They are called the two 
Polar Circles; this in the Northern Sphere is named 
the Arctic Circle, from the two Bears which lye 


an I F thro' the Poles of the World, or of the Equi- 5 
*. noCtial, there be conceived innumerable great genie“ 
de. Circles to be drawn, they are called 'Secon-"of the fl. 


_ 


5 8 IO 
ture daries of the Eguinoctial, by the Net of whi 
. the _ don of every Point bf th e leaves, in 10 
K 't the Equindckial, is detefmigeg, as hesch 
= cre” Amen by the Secondaries of the 
ſek in regard ro the Ecliptick And the right 
The Right Mg fi 1 of 'a"Star or * in the Heayens 
Laa of of ch of the Equinoctial, etween rhe beg Slit 
ns e, And the Point whiete'rhe Sees buy 
Hig thro" rhe Sar cuts the Equinoctial. Thi De: 
00 of 4 Star or Pbint is the Arch of the Fe. 
Eondar ry, inrercepred_ berween the Star and the F. 
jo L Which is like wiſe as the Latirudde eiche 
torth' 7955 * South, as che Srar declines "toward 
| "Notth or South Pole: From Hetice theſe Sect. 
. ries ate called Circles of Declination. And thb 
Two © biel. of; them are the two Colures, ode gf 
Which g -thro''the two Hhuinbctial "Thiele, 
The two tions ls Ku 10 the Equinoctial Colure; And the 
Coluyes, ther, which cuts the fotmer ar righr Angles and 
paiſes 5 the Poles of the Ecliprick, is called the 
Fiolſtitial Colare, becauſe ir inrerſects rhe Ecliptick 
in rhe” Points which ate at rhe greateſt diſfauck 
from the Equator; to which when the Sun Coitie 
he does not ſenſi bly for, ſome Days change his 
5 bur ſeems ro ſtand without approach; 
ing th, ot xeceding from the Equinoctial, ad 
the 21 ore theſe Points are called Solſtices. 
THAT Circle which is on the Surface of the 
Earth exactly in the middle between the rwo Pole: I fame 
is the Eprth's Equator, and by the production af I ive 
it we ewe that the Celeſtial Equinoctial was nt 
formed, And as the des of all the 'Stars in the tex © 


Heavens are determined- by their Longitude. ant but 

Latitude in regard r 5 the Ecliptick and its Secoh: that 

daries ; ſo by the efreſtial qu Kquaror And frs St. Wo t 

condaries drawn thro" the Poler of the Earth, the hot 

ofitibni of Cities and Places upon the , Surface of {Meri 

the Earth are determined according to Longitude them 

The Lon. Arid Latitude. A Secotidary of the Equator paſſing WW ſtant 
2 and thro. any place on the Euri h. s Surface is called the feren 
an Meridian of that place; becauſe, that when by Wo t. 
| 10 the Rar of che Earth round 1 its Axit the 29 Whol 
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called rhe firſt 
Place. | 
Meridian — They. ſame. known place. which 
as far Weſtward 
they reckoned the Longitude. 
ly ee : But fince by Navigation it he 
diſcovered, thax there is na 
en be eſteemed the 
norber more... 
of camputing the 

| bath been 
Geagy be 


not a 


rallels, 


Fog 


one anothe — in. uae to 
ſome are called 
ſame Parallel, Pin ip fs 
ſame ene 
Lear the 


rent Motion coming to or receding 
tex of both Places at the ſame time of the by: 


etermines the 


1 tg the . itude ( 
_—_— 75G he 


ee wt a 


Antient | W mad 
as they knew, an 


on or 


2 


dwells, _ 


: 
- 


| nag the. Sun. h 1 


idian have 


or Place is an 


A Fer 
2 Merigh es, W 
ee and. t 5 Th 


* Ie ere to 1 15 the Sin; th 
is 


e. 


from 
all places conſta m- 


e 5 the Far 
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mal 2 0:that 
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ust, An 


but they chagge their hho of Night 4. 


ferent, it bei 
to the other. 
hole: Habitations being ſituated in both 21 60 


e and rohe We e BY 45 E 


1 


that when it is Midday to- th 
to the orher. Och 
whoſe Habirations lye in th 
Meridian, but. in oppoſite 


them have Mid 
ſtant of time; but rhe Seaſons of the Year are dif- 


Summer to one. when. it. is: Mipter 


vg 


_ 
dhers . agai 


day and Midn aro 


Taſtly, there are the 
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Lecture directly oppoſite. to one another in a Line paſſin ng 


XVIII. thro' the Center of the Earth; and they have ng 
only their Days and Nights directly 'contrary, bye 
- alſo the Seaſons of the Year : When it is Summer 


In the one, it is Winter in the other place, and 

"when Midday in the firſt, the ſecond reckons 
Midnight. OT ene LIE 

The five Globe, which lye directly under the Circles of the 

Zones. "ame name in the Heavens, viz, the two Tropic 

and .Polars, divide the Earth into five Portions 

Which are called Zones; of which the Torrid is 

that which is bounded on each fide by a Tropic 

and was believed by rhe Antients to be not Hahj. 

table by reaſon of the violent Hears: But our Mo. 

dern Travellers and Voyagers have diſcover'd this 

Tract of rhe Earth's Surface to be the moſt fruit. 

ful and delighrfal of all, abounding not only with 

the things that are neceſſary, but ſuch likewiſe as 

conduce to the ſatisfaction and pleaſure of Life; 

upon which account it is very well ſtored with 

Inhabitants. There are two cold Zones which the 

Polar, Circles comprehend ; in the middle of the 

one lyes the _ArBick Pole, of the other the Antar- 

.*3 Hick, and in them the cold is ſo exceflive that they 

are (carcely habirable. Beſides theſe, between the 

Frigid and the Torrid Zone, on each hand lye the 

two Temperate ones, that on the North is polleſſed 

y-us, the other our Antipodes keep. Virgil ele 


* 


_ gantly deſcribes theſe five Jones. 


4 — 


Quing; tenen Cælum Tonæ, quarum una coruſer 
Senper Sole ruben & Torrida ſemper ab igne; 
Quan circum extremæ dextra levaq; trabuntur, 
Ceærulea glacie cuncertæ atq; imbribus atris. 
Has inter mediamq; due mortalibus agris © 


y - 


2 +47 '* 4 ; 5 
Munere conceſſæ Divim, 


i 


IHE Inhabitants of the Torrid one are called 
The lim. Ampbiſcii, having their Meridian Shadows at dif 
phiſcij. ferent times of the Year projected towards both Pole; 
but When the Sun comes to be Vertical to _ 
1-97; „ en 


IHE four leſſer Circles in the Surface of theEary; | 


"4 
"7 
| E.C/TURE\S. 
- n * — , R i 1 9 42 N 


ia hey have de. Badge, and are Ger, or Sha: Leg 
dow leſs nothing rhat ſtands perpendicularly upwards XVIII. 
having a Shadow-at Noon. We who live in the Ss 
Temperate ones. may be named Hetroceii, having The Aſcii.” 


aur Meridian ſhadowprojected only towards one Pole 
chro'our the whole Year. But the miſerable; Peo - 
ple of the two Frigid Tones are called Periſcii, be- 
cauſe the Sun not ſetting upon them, their Shadow 
ys quite round in the Space of twenty four 
ours. | ror nf: 35 556ml 
THE two Circles which we-conceive to be 
immoyeable, and determined by their reſpect; to 


eber 


= 
; 
= 
| 
ſ 


the Spectator, are the Horizon and Meridian. The 


Horizon is that great Circle which any one when 
he is placed in a large exrended Plane, or in the 
open Sea obſerves, terminating or bounding his 
Sight every where round him, by which the viſi- 
ble Heaven is diſtinguiſhed and ſeparated from 
the inviſible, This Hori30n being diſcovered by 
our Senſes is called the ſenfible Herixon, from 


#/ «= 
F 
|, 
1 


which the Rational Horizon Parallel to it is di- W 
ſtant by the Semidiamerer of the Earth, through ;on /cofible 
whoſe Center it paſſes: For the Aſtronomers reduce and ' Ratio. 
the Appearances of the Heavens to a Spherical 


Surface, which is not concentrical to the Eye but 
ee, ͥ - 

IIs true, theſe two Hori ons, produced to the 
fixed Stars, will appear to coincide into one, fince 
the Earth compared to the Sphere in which the 
fixed Stars appear is bur a Point ; and therefore 
the two Circles which are but a Point diſtant 
from each other, may be well confidered as coin- 
ciding into one. There are two Poles of the Ho-. 
rizon, the one is the Point of the Heavens which 
is directly over the Head of the Spectator, and is 


called the Zenith; the other directly oppoſite under Zenith and 


his Feet is named the Nadir; and innumerab] 


e Nadir, the 


Circles drawn thro' theſe Poles to the Horizon are Horizon. 


ſtiled Vertical Circles or Azimuths. Among them 
there are two particularly remarkable, one of 
which is the Meridian, and the other is the Prime 
Vertical ; the firſt paſſes thro' the Poles of the E- 
„ SI d e 2220505 
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Lure quuter and the Zo1frb, and cus the Heri ie 
Vill r den of Nhat Seas; the other paſſing, 
rh the Neuieb tuts the former at right Angles, 
and wärs upen the Norton the Points of Ba 
The verti- ahd t. Theſe Circies divide the Mixen, ar 
cal * Al their Interſecrions with it, into four Quarters; each 
de, of Chich is again fubdivided into eight Parts, and 
Cc.cttſequently the whole Fixe is divided into 
Thitty two Parts; which are called che Muunnbe dr 

Points of the Compaſs. 155 __ 208 

The 4l:ti- "TA B Rliande er Depreſſton of any Stur, is an 
tude or De- Arch of the Vertical intercepted between che He. 


prefen of e and rhe Nur. orten $17. 976 (3035523680 
3 GATN,; the Azimush ef 'a frar it an Arch oi 
the Norixoa, intercepted; beruden the Pvints of 


North and Sbuth and the Point where the Verti⸗ 


cal paſſing thro” che Stur cuts the Heri gon, and it 

either 'Baſterly- or Weſterly, The 8 ſetting 
Amplitude of a r is an Arch of the Horizon in- 
teteepted between the points where the Sear tiſeth 

oer ſetteth and the points of Baſt and 754ft ; and 
. chi Amplitude is either North ot Sturb, according 
as the Stur at riſing or ſerting is to the Nori or 
 Couth of thoſe Points. 17 10 | A 03 
As in the Hixon all the Stars firſt appear andidif- 

appear, ſo in the Meridian Circle they all ariſe ro 

their greateſt height or Altitude, where they are ſaid 

The Cul- to Culmimate: ſo likewiſe they are at their greareſt 
mination. depreſſion below the Horixon when they arrive at 
the ſame Meridian. Now ſince the Meridian 

makes Right Angles both with the Equator and 
Horizon, it will divide the Segments of the Equarot 


and all its Parallels, as well thoſe tkat lye above the 


Fori xon as thoſe which are below it, into equal Por- 
tions; and therefore the time between the rifing of a 
Star and its Oulmination or artivalat che Meridian, 
will be equal to the time between this Culmination 
and its ſetting; and beeauſe the Sun every Day de- 
ſeribes ſome Parallel by its apparent Diurnal Motion, 
when the Syn comes to the Meridian at any time 
tr will be then Midday, and Midnight when he 
arrives ar rhe ſame Meridian below rhe Mgrizon, 
and from thence this Circle has irs Name. The 
oa | Gs Nintieh 


aW BOTWRE 8 2 1 


or Nom ** Degree is that Point 
Feliptick' which is 9 De rees giftan r from, 
ons of che 
Aae or this | 8 7 


| $f" the Horizon "and Eeli 
cli or Midhaveh, is char 
er culminates, 18 hy he ea In — 


r Signs from W $i S. t 5 Nonageſi ſimab - 
lee to the E of. rhe Merid hüt in the 18 


df , rhe | Nova 
Ire ene the be Nied 3 LY 


ETHO' we have here See th ie Horijzon- „ rbe ori- 
Fe Kerinn 28 immoveable Circles, taking the 2 che per 
Apparent Mopiom of the Heavens 25 real; ene we'ly moveable 
I. according t6.rruth and the nature of things; cell. 

Hori on and Meridian are the only moveable 
Circles, and the Sun or a Star riſes not whie n it aſs 

cends, but when the Plane of the Horizor ceſcendy 
below it, fo that the Star or Sun becomes vihble, 

50 1 the Stars ſer not by their on Motion 
ot goi wn under the Horizon, but by the 
2 aſcending and getting above 2 
which Motion of the” Horizon arifeth from the Ro- 
ration of the Earth, So alſo the Sun or Stays ar- 
rive at the Meridian when the Plane of the Meri 
diag of any place, having an Angular Motion 
eit round the Axis of the Earth, comes to pas thrd! 
| the Bodies of the Sun or Stars, © | 
"SINCE IE. Meridian finiſhes its cireularion the 27. 


— 


*FL: # 


os tion of 15 Beete which is the Twenty fourth 
BY Parr of 360; and therefore if we conceive a- Cir= 

72 cle paſſing thro! the Poles, which makes an Angle 
i of 15 Degrees with the' Univerſal Meridian paſ- 
A fing thro” the Sun; when by the Earth's Rotation 
lo. the Plane of the Meridian of any Place comes to 
the Plane of this Circle after it has paſſed the 
Univerſal Meridian, then the Inhabitants in that 
he Meridian will reckon one Hour afrer Midday, and 
therefore that Circle is called rhe Circle of the firſt 

Hour. In like manner, if another Circle be con- 
eeived cutting the 9 in the mn 
2 e- 


* 
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15 Degrees with the Meridian of the Place Weſt. 
ward, it 1s then the firſt Hour after Midday; and 
the Circle with which the Circle paſſing thro the 
Sun and Poles does then coincide, is called the 
Circle of the firſt Hour: The next Circle to this, 
which makes an Angle of 30 Degrees with the 
Meridian of the Place, is the Horary Circle for 


- Two of the Clock, and that which makes an An- 


Ge. 5 | 
Pe -1N any Place of the Terraqueous Globe the 


Height of the Pole above the Horizon is equal 
ro the Latitude of the Place. Let the Circle 
HZ Q be the Meridian, HO the Horizon, ACQ 
the Equator, Z the Zenith, and P the Pole: the 

13 8 ; Elevation 


Fig. 4. 


ole of 45 Degrees with the Meridian of the 
lace, is the Horary Circle for Three of the Clock 


2 — 
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glevation of the Pole, or its Diſtance from the He- 
rizon, is the Arch PO, the Latitude of the Place VIE 
or its diſtance from the Equator. is Z E. Ard 
becauſe the Nich f & between the Pole and the * © 


Equator is a Quadrant, or fourth Part of a Circle, The beigbe 
and the Arch Z O from the Jenith to the Hori- A the Pole 
jon is likewiſe a Quadrant, theſe two Arches Z — * yy * 
and PO muſt be equal, Take away the Arch Z P always e- 
which is common to both, and there will remain 13 


7 


the Arch Z equal to the Arch PO, that is, the be Place. 
Latitude of the Place is equal to the Altitude e 
height of rhe Pole above the Heizen. 
HENCE we have a Method of meaſuring 
the Circumference. of the whole. Earth, and of 
knowing. how many, Miles it. is round the Earth: 

For if we go. directly Northward till the Pole be 

Elevated one Degree higher, and then if wie 


meaſure the Jengrh of the way we have gone 


Northward, and have the number of Miles it con- 
rains, we ſhall have the number of Miles in a 
Degree of a great Circle of the Earth's Globe; 
and this 1 na multiplied by 368, the Degrees 
in the whole Periphery, it will give the lengtfi 
of the Circumference of the Earth in Miles. By 
the moſt accurate Obſervations, the Length of a 
Degree is found to be 69 Engliſh Miles, which 


vas commonly reputed to be only 6 Miles. 
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th 2 will be nothing, or e 
Ge dhe Ves ; or the Equinoctial Circle will 
e Vertex of the place, and all the Paralle 
8 mn Equator will be perpendicular to the 5 
rizon; And therefore this Poſition of the Sj 
call'd a Right Poſition, 1 in _— 2 thefe 


are cut by rhe Horizon into equa Portions, 2 
he. Stars are as long above the 77 on as they wh 
under it: Here likewiſe the les Tye in the 


orizon without any Elevation, 155 is 15 by 
the Figure, where the Point of the Equinoctial 

is in the Vertex, and the Poles P, p in the Hori- 

Plate xvl. zon. If we go from the Equator towards either 

Fig. 3. of the Poles, the Equarar, will then appear to de- 

| parr from the Verigg 87 „ Zenith, and to come 

nearer to the Horizon, making th 1 it an oblique 

An oblique Angle; - whence 2 Situation is called an oblique 

2 be er Poſition of the Sphere, and the Pole towards which 

gn oblique we move doth riſe more and more above the 

ohe Sphere. Horizon the nearer we approach it. Irs Eleva- 

tion being always equal to the Latitude of the 

Place, while the other continues as much depreſ- 

Fig. 6, ſed below ir, The Figure does clearly ſhew this 

| ſorr of Poſition which we and all that live in the 

remperare Zones obtain, where the Equator & Q 


Is IK by the Horizon, 28 it is in a right 
_ Sphere; 
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dere; whetefore hen the Sun, by his appa 


the Equator, in this Obige Poſition are not eut 
ind two equal Parts by the Horizon; bat thoſt 
which-are towards the elevated Pole, each of xhetu 
have a greater Pottion above than under rhe H63 
mon: And as each Parallel is nearer che Pole, ſo 
nuch the larger Portion of it ſtands above the 
Horizon. But when rhe diſtance of the Parallel 
tom the Pole becomes lefs than the He vation of 
the Pole or the Latitude of the Place, then har 
parallel, and all thoſe included within it, are 
wholly above the Horizon, no part of them ever 
ſeting under ir. . The contrary happens in the Pa- 
allels which lye towards the deprefs'd Pole, 2 
ſnaller Portion of them being above the Horizon, 
and the greater part lying under it. And thoſe 
Parallels which are nearer to the depreſſed Pole 
than the Latitude of the Place, remain perpetually, 
together with the Stars included within them, un- 
der the Horizon, and are never viſible to us. 
Hence it is neceſſary, ſince the Sun each Day de- 
ſcribes by his apparent Diurnal Motion ſome Pa- 
alle, hat from the Vernal Equinox to the Sum- 
mer Solſtice, the Days growing longer and longer, 
will be continually longer than the Nights; After 
the Solſtice, tho the Days continue till the Autumnal 
Equinox to be longer than the Nights, yet they 
become ſhorter and ſnorter, and at the Equinox 
they bur juſt equal the Nights: From thence to the 
Winter Solſtice the Days conrinually became ſhor- 
ter than the Nights, and are the ſhorreft when the 
Sun is in that Solſtice z but as the Sun leaves it 
they increaſe again, and in the Vernal Equinox 
the Day is as long as the Night. a 

IN an Oblique Sphere the Stars all obliquely rife 
and ſer. And as the Right-Aſcenſion of a Star is 
the Arch of the Equator contained between the 


firſt of Aries and that Point which comes to the 
Meridian with the Star, or that Point which in a 
Right Sphere riſes with the Star. So the 4 _> 
EE TREES ver Aſcen- 


Biumal Motion, deſcribes this Circle, it makes * 5 | 
the Day equal to the Night: But the Parallels of FW 


- 


ASTRONOMICAL 
ecture Aſcenſion is the Arch of the Equator between the 
AX. firſt-of Arie, and that Point of the Fx Tron which 
LYN Files rogerher with the Star in an Ol ligue Spben, 
and numbered from Weſt to Eaſt, which according 
to the Obliquity of the Sphere is various. : The 
Difference between the Right and the oblique Af. 
cunſion is called the Aſcenſional Di fferene. 

IN an Obligue Sphere there is one Parallel a; 

much diſtant from the elevated Pole, as the Place 

- 3s from the Equator, which is called rhe Circle of 

_ Perpetual Apparition, or the biggeſt of all: rhoſe 
which conſtantly appear, which is ſuch, that all 

Stars incloſed within it never either riſe or ſett; 

4 _ tho' they ſometimes riſe higher, ſometimes deſcend 
lower towards the Horizon. Towards the other 


Pole there is another Circle oppoſite to this, which 


is the Cirele of Perpetual Occultation, within which 

all the Stars that are contained never riſe, but 
conſtantly lye hid under the Horizon, and ſo are 

not to be ſeen. 7 347 Je " 547 mar 

I the Equator makes no Angle with the Horj- 

on, but thoſe two Circles coincide ; In ſach-4 
Situation the Pole and Vertex coincide; and all 
the Parallels of the Equator become Parallels to 
A Parallel the Horizon; And ſuch a Situation 1s call'd 4 Pa. 
rallel Sphere, in which no fixed Stars do ever ei- 

ther riſe or ſett, but turn round in Circles Patal- 

Plate XVI. lel to the Horizon. And when the Sun enters 
* the Equinoctial, it then glides the whole Day 
along the Horizon. When he riſes towards the 
elevated Pole he never ſetts, but makes a very 

long Day of fix Months: Bur when he goes from 

the Equinoctial towards the deprefſed Pole, he 

never riſes, and then there is a conſtant Night of 

fix Months length. This Pofition of the Sphere 
belongs only to them who live at the Pole, if any 

are ſo miſerable as to have ſuch a place for their 


Habitation. | | 
climate: TH E antient Geographers divided the Eaith by 
and Parals Climates and Parallels; for they who live under 
1 the Equinoctial, being in a Right Sphere, have 
their Days and Nights equal: If we remove from 


thence 
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thence towards either Pole, the Days in Summer = 


become longer than the Nights, and the nearer we 
approach the Pole, the greater is the Difference 


between Day and Night, when the Day is at the © 


longeſt ; till we come under the Polar Circles, 
where there is no Night at all. Hence the Geo- 
graphers did ſo divide the Earth by ſuch Parallels 
as made the longeſt Day encreaſe by quatters of 
an Hour; that is, each Parallel was ſo far diſtant 
from the next, that the longeſt Day in the more 
remore from the Equator, was a quarter of an 
Hour longer than that Day at the Parallel nearer 
tothe Equator: And therefore reckoning the E- 
quator as the firſt Parallel, the ſecond Parallel 
paſſed thro thoſe Parts of the Earth, where the 
longeſt Day was twelve Hours and a quarter long. 
Under the third Parallel the longelt Day was 
twelve Hours and two Quarters. In the fourth; 
the longeſt Day was twelve Hours and three quar- 
ters, Se. Now two ſuch Parallels made up '& 
Climate, which were therefore diſtinguiſned by the 
longeſt Day encreaſing half an Hour from the one 
to the other. Now the Exceſs of the Solffitial 
Day above twelve Hours may grow ſtill bigger, 
till we come to the Polar Circle, where the Sun 
not ſetting makes the Day twenty - four Hours 


long, which is greater than the Equinoctial Day 


of twelve Hours by twenty-four half Hours, or 
forty-eight quarters of an Hour. From hence we 
gather that the number of Climates between the 
Equator and Polar Circle muſt be twenty: four, 
and the number of the Parallels forty-eight,” © 


Becauſe the Civil Year of the Antients did not The rifng 


keep pace or agree with: the apparent annual 


Motion of the Sun; having the Day of the Month, comical, 
and the Year when any memorable Action fell — al, 
out, it could not be from thence immediately or _ 


known in what Seaſon of the Year' it was done: 
And therefore when the Husbandmen ſettled the 

Times for the ſeveral diftin& parts of their Bu- 
ſineſs, they could not point out that Time bx 
à certain Day of their Kalendar ; for- the- = 
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of the Month was got always in the. 

X IX Sage of the Year, but it was hn 
l more certain Characters and marks to lag 
Times; and therefore the Writers of 5 —— 
Hiſtorians and Poets had. tecourſe to the rings 
and ſettings of the Stars, by them to mark gut 

the Times,. And of theſe N and ſettings th 
xeckoned three ſorrs viz. I The e mical, . Acxonycly 
: 54 Helidcal. A Star is ſaid to rife or ſett Coſmi. 
I call which riſes or ſetts when the Sun riſes; ſo thata 
which. riſes or ſetts in the Morning riſes, gf 
etts Coſmicaly. A Star riſes Acronychally when it 
riſes. while the Sun ſetts, that is in the A 
he (68 04.30 Oppoltinn-44 he Fax, age ds rh 

all Ni 

A Star riſes Heliacally, when es ic lon 
-opjunEtion with the Fan, and on that; account 
Awiäble, it comes to be at ſuch a diſtance fm 
im, as to be ſeen in the Morning before Syn 
rikpg, when the Sun by his Apparent Motion te- 
cedes from the Star towards — East, But the 
Heliacal . ſetting is when the Sun approaches ſo 
near a Star that it hides it with his poo which 
keep the fainter light of the, Sar from being pert 
_ ceived. And therefore the, Meliacal riſiag and, (ptr 
ting is rather — e ee than 


3 Afing 
AL L the. Raf Stars in- the Zodicsl. * Jia 
wile the Syperiour Planets Mars, Jupiter and S. 
turn rife Heliacally in the Morning a little befere 
Sun tiſing, and a few Days after they have ett 
| Coſmicaly 3. becauſe the Sun in his Apparent Mo- 
ſiiꝛon gets before them, moving faſter amt Bur 
they let Heliacaly in, the Evening a little before 
0 their : Acronychal ſetting. But. the Modu whole 
Motion Eaſtward eee chan the Ap- 
. 1 Motion of the Son, riſes Heliacaly in the 
vening, after the new Moon or the Change, when 
it can be firſt diſcovered . at Sun ſetting; but the 
Moen ſetts Heliacaly in the Morning when the 
Moen is old and approaching to a Change. The 


Inferiour Planets. Fame and Mercur, which ſomes 
runes 


— 
93 „ — 
22 
U 


14 


ern 


times ſeem to go, Weſtward from the Sov, 20d Lofues 
sometimes Aga have a quitker Motion than e XIX. 
Fuftward, riſe Heliacaly in che Morning When they 
are Rettograde; but when they are direct in their 
Motians they riſe” Heliacally in the Evening. 

FOR ro obſerve tlie Altitude of the Sun or wp 


< "= 
any Star, we uſe a moveable Quadrant EAD, with re 1b. | 


fixed fights A, B, or a Teleſcope placed along one of {ade 
jts hes, and "Plamb line AC hanging from 1 2 
Center. The Quadrant being placed in a Verti- 
tal Plane muſt be turned upwards and dow-waa- 
mairds, till the Rays of the Sun, paſſing thro te 


jole of rhe fitſt Sicht next the Center, fall upon 
the hole of the other; or till the Sun's Image ap- 


jar in ade "Fucks of the Teleſcope, and chen Flax rin 


the Quadrant being kept in this Poſition, the = 
Plomb Line or Thread will mew the Arch EE 
which meaſures the Altitude of the Sun. For 
ptoduce AC to the Zenith Z, and let AH be an He- 

izontal Line. The Angles EA B and Z AH are 

equal being both Right; but the Angles BAC and 

ZAS are likewiſe equal, they being vertical to 

eich other: wherefore taking away equal Angles, 

there will 'retnain. the Angle EAC equal to the 

Angie SAH. But the Arch EC meaſures the Angle 
EAC, and the Arch of the Vertical between the 
Ln and the Horizon meaſures the Angle S A H; 
and therefore this Arch or the Suns Altitude a 
the Arch EC are fimilar ot like Arches. 41 0 
the height of a Star be to be obſerved, inſtead 9 
the Itradiation of Beams as in the Sun, we muſt 
ok rhro' borh Sights, or the Teleſcope for the 
Sat; and when we can ſo fee ir, then the Thread Fry 
will ſhew rhe Altitude of the Kar. The Meri- 
dian Altitude of rhe Sun or Far is known by ob- 


ſetving when the Altitude is Pei 45 then the 
eight, being then 


dun or Star attains his greate 

in the Meridian. FETs eue 

THE knowledge of the Latitude of the place , How t 
is the Foundation of all Aſtronomical Obſervations, 2 fla, the 
Withour which we can know nothing, and there- 4 Place, 
fore it is firſt accurately ro be obtained, and 115 

ee eee * Len ca 


. 


* 
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1 Lectute caſe we have | ſhewed the Altitude of the 
XIX. Pole to be always equal to the Latitude, we can 
. . LY W beſt find our Latitude by obſerving the Pole; 
[1B height. Bur becauſe the Pole is only a Mathema- 
Uo | tical Point, and no. ways to be perceived by out 
©. Senſes, we cannot find its height by the ſame Me. 
tod as we did that, of the Sun or Stars, Ang 
ttherefore we muſt take another way for finding it, 
n. . And firſt we muſt find the Section, of the Plane of 
zention if the Meridian with the Horizon, which Section! 
an Ligne, Called the Meridian Line. This is obtained by e- 
recting a Gnomon or Perpendicular, upon the Hori. 
Jon for to caſt. a Shadow, and at the Foot of the 
Snomon, at that Point which is directly, under the 
top Point which caſts the ſhadow, there muſt be 
deſcribed a Circle, on whoſe Circumference. the 
: Shadow of the top Point may fall before Midday, 
0 and that Point of the Circumference where the 
1 | Shadow comes muſt be carefully marked. Again 
= | after Midday obſerve the Point. where the Shadow 
| | comes again to, the ſame Circumference ; and ler 

| 

| 

| 
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the Arch between the two Points of Shadow be 

biſected, or cut into equal Parts. A Line drawg 

from. the Center to the Point of Biſection will be 

the Meridian Line: For the Sun before and after 

| Midday being equally high, is equally diſtant from 
I the Meridian, or is in two Vertical Circles which 
| [ I make on each fide equal Angles with ix. Place 
Wl therefore rhe Quadrant on the Meridian Line, ſq 
| that its Plane may be in the Plane of the Meridian, 
and then rake ſome Sar near the Pole which never 


ſerts, and obſerve both its greateſt and leaſt Alti- 
I Plate . u. tude. Lat the greateſt be SO and the leaſt »O; 
| the difference, of their, Altitudes is the Arch 25, 


| | the half of which PS or Ps, deducted from the 
4 greateſt Altitude SO, or added to the leaſt : O, 
I vilt give P O che Altitude of the Pole above the Ho- 


| 
| |; 
lo - --: ix, which, is equal to the Latitude of the Place, 
— I the Theory of the Sun be known; from his De: 
| 
Il 

| 


1 Alen we may find qurthe Latirude of theplace i 
— this manner: Obſerye the Meridian diſtance of the 
1 Faun from the Vertex or Zenith, which is * 
| 42 is 2 ; [ P 
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LECTURES: al. 


8 of his Altitude; and add 10 this Lecture 
the Sun's Declination, when the Place and he are XIX. 
o the ſame fide of the Equator ; or ſubſtract the Fry. 
Declination when they are on different ſides, the 
Sum or Difference is always equal to the Lati- 
mde: But when the Declination of the Sun is 
geater than the Latitude of the Place, which is 
known from the Sun's being nearer to the Eleva- 
ed Pole than the Vertex of the Place is, as it will 
often happen in the Torrid Zone; then the Diffe- 
rence” between the Son's Declinarion and the Sun's 

ih Diſtance is the Places Latitude. 

AVI NG once found out the Latitude of How 45 
the Place, the Obliquity of. the Ecliptick, or "its Fg 2 
lnclination to, the Equator is eaſily obtained, by the * 
oblerying about the Summer Solſtice the Sun 


laſt Diſtance from the Vertex: : If this Diſtani 

be ſubſtracted from the Latitude of the Pate 

when the Place is nearer to the Pole than rhe'S 

i, the remainder will ſhew the greateſt Peclina: 

tion of the Sun, which is equal to the Obliquiry $ 

of the Ecliprick. Moſt Aftforiomers make the 1 
greateſt, Declination of the Berz or the Obliquity N 

© che. cl tick to be 23 5 Degrees; but the more . _ | 

eryations of our Modern Aſtronomers - 
ſity it co be one Minute leſs.  . | 
BY the fame Method, the Declination of the eg 

Sun for any Day, or that of a Star may be taken; * wr « 

for when the Sun or Star is nearer to the Equator gun or — 

tan che Place, take the Difference between the ® 

Latitude of * Place and the Meridional Di- 

ance of the Sun or Star from the Vertex, and we 

ſhall. have the Declination: Bur if the Vertex of 

the Place lye between the Sun or Star and the 

Equator, then the Sum of theſe two Quanricies is 

the Declination. | 

HAVING the Delusion of the Sun, i it is 7 


eaſy to find his Right Aſcenſion and Place in the 3% Seni 
Ecliprick,. by the Solution of a Right Angled . 
Spherical Triangle. For ler Q be the Equator, Plate XII. 
EC the Feliptick, S the Sun: from which let Fige 3» 
wy on the PT a Circle of Necligation S D. 

i Q tid 


#* 
#w + 


1 4 


Tbe 


E we have. ſhewed be daily obſerved, we can from 


Sun in the thence cöllect the" Apparent Motion of the Sum i 
b. the Ecliptick, which is always equal to che Mo- 
4 tion the Earth really has in the ſame time. 

by Obſervation we find that che Sun does nd 
t move equably, of always with the ſame Velocity i 
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gee: may eaſily find the fide SD, Which is the Decl. 
Ana 


Allo the Angle ES D the Inclination of the Me. 


er: And this happens, becauſe the Earch b) iy 


* — f 


- F/Agre and then the Arch SD will be the Stm's Deeling: I 1 
; 2 tion. And therefore in the Right-Angled Tri. tic) 
Angle ESD we have S D and the Angle R: We if ye 

can therefore from thence find by ſpherical m. I fe 
Zonometry the Arch E D, which is the right Ml be 
ſcenſion of the Sun, and E S, Wich gives his WM tn 

Place in the Ecliptick; and likewiſe” the Angle de 

Z SD, the Inclination of the Cirele of 'Declina- . Tin 

| Lion or of the Meridian wir che Ecliprick, & ber 
Iikewiſe in the Right-Arigled Triangle E S D, if ne 


We have the fide E D, which is the Right Aſcen. 
ſion, the Angle E being conſtant and known, we 


nation bf the Point of the Ecliptick §, which 
/.'! e6mes to the Meritian together with D. and 
105 calł d the Medium Cæli, or Mid heaven; 4 


pen to the Ecliptick. Or laſtly, if ES the 

ongitude of the Point 8 be known, We en 

from it find its Right Aſcenſion and Declination 

together with the Angle DSC, of the 'Eclipticl 

and Meridian, — hp. 

4. dk the Declination of the Sun by the Miene 
0 ww 118 * 


"4%, 


the Ecliprick : Ang therefore the reaf Motion of the 
Earth muſt be unequal, and not comſtatitiy we 
fame; in the Summer Solftices the Earrh has's 
flower Motion, ia the Winter rite it moves quick- 

real Motion is carried in rhe Perimeter of an E. need 

- lipſe, which has the Sun in one of its Foci; wund f dian 
Which it revolves in ſuch a manner, that a Line ther 


-— - drawn from the Sun to the Earth, and by an Ani whi 


gular Motion carrying the Earth along with i ples, 
doth always ſweep or deſcribe Elliptick Ares f N Ang 
Spaces proportional to the times in which the? terſe 
=> % % ˙— - | 

m_ 4 © A. Clig; 


— 


L LECTURES. ' ww 
clin; HAVING the Place of the Sun in the Eclip--LeQure 
| Tri. MW tick, by the help of it, and a good Pendulum Clock, XIX. 
+ we may find the Right Aſcenſions of all the Stars: 

For which purpoſe the Motion of the Clock muſt: 1 find 
be ſo adjuſted, that the Hand may run chro the 1% Rigbt if 
wenty-four Hours in the time that a Star leaving % S. 
e Meridian will arrives at it again; whick 

Time js ſome what ſhorter than the Natural Day, 

becauſe of the Space the Sun moves thro' in the | 
mean time Eaſtward. The Clock being thus ad- 

uſted, when the Sun is in the Meridian fix the 

Hand to the Point, from whence: we are to begin 

to reckon our Time; And then obſetve when the 

Sar comes to the Meridian, and mark the Hour 

and Minute that the Hand then ſnews: The Hours 

and Minutes deſcrib'd by the Index rurn'd into 

Degrees and Minutes of the Equator, will give 

the Difference between the Right Aſcenſion of the 

dun and Star; which Difference being added to 

the Right Aſcenſion of the Sun, will give the 

Right Aſcenſion of the Star. Now if we know 

the Right Aſcenſion of any one Star, we may from - 

it find the Right Aſcenſions of all che others which 

we ſee, by mark ing rhe Time upon the Clock be- 8 
ween the arrival of the Star whoſe Righr As- | 
cenſion we know to the Meridian, and another 

Star whoſe Aſcenſion is ro be found. This Time 

converted into Hours and Minutes of the Equaror, 

will give the Difference of Right Aſcenſions; from 

whence, by Addition, we collect the Right Aſcen- 

ſon of rhe Star which was to be found out. 

BUT by knowing the Right Aſcenſion of one The Right 
uick-W Star, the Right Aſcenſions of the reſt are eaſieſt 22 N 
55 ih found by che following Method; where there is no ing unn; 
in El- need of waiting till the Stars come to the Meri- 2 
und dian. We only uſe a Teleſcope; in whoſe Focus gee ig 
Ine there are fixed four Threads extended, two of Right 4, 
n AMY which as A B, CD cur.one another ar RighrsAn. 4% 1. J 
th ih ges, and other two EF, GH make half Right- ; 
41 rf Angles with the former two, at their common In- 

| they erſection O: Then the Teleſcope is tꝭ be di- 

rected to a Star, whoſe Right Aſcenſion and De- 


A2 AND 


H Glination are known, 
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League AND then the Teleſcope is to be conftaity i”, 
XIX. turned till the Star be ſeen in the Line AB, ſo 2 * 
its apparent diurnal Motion may be along tha 
plate xvil. Line; in which Poſition the Right Line AB wil oe 
Fig. 4. reprelent a Portion of that Parallel Circle the Stz N 
deſcribes, it being in a parallel to irs Plane: And I ie 
becauſe the Line CD cuts it at Righr-Angleg, it heD 
will repreſent. ſome Horary Circle, Fix then 
the Teleſcope very firm in this Situation, and s 
mark the Time according to the Clock, when the 
Star, whoſe Aſcenfion' 1s known, comes to the 
Tine CD. Then again obſerve any other Stut if; 
with the Teleſcope, which will appear to move in 
ſome Line LK that is parallel ro AB, and mark Acht 
Iikewiſe. the time when it comes to the Horary 
Circle CD in Q. The Difference of Times be. dem 
tween the arrival of the firſt Star to the horary Wl Cent. 
Circle, and the coming of this laſt to the ſame, I de 
converted into Degrees and Minutes of the Equa- Wn: 
tor, will give the Difference of their Right Aſcen- Wl 4:4 
ſions: And therefore if the Right Aſcenſion of Wh to 
one of them be found, we may from thence collect i C 
the Right Aſcenſion of the other. Tod 
BECAUSE the Angles QHO and QOH Wh: 
are equal, being each half a right, Q H will be No ch 
equal ro QO. Now if we mark the Time be- whe 
rween the coming to the Thread OH, and is nB 
touching the Thread O Q, we ſhall have the time Nn A 
the Star takes to deſcribe the Portion H Q of drop 
the Parallel. This Time being turned into De- Wy; 
grees and Minutes, will give the Number of De W 14 
grees and Minutes of the Portion Q H. But the uon 
Arch of the Horary great Circle is equal to this be ſo 
Arch QH. Now in unequal Circles the Degrees angle 
and Minutes that equal Arches contain are reci- Wy th 
procally as the Radii or Semidiamerers of rhe-Cir- 8% 
cles, as we ſhall ſhew hereafrer. As the Radius EC 
therefore of the great Circle is to the Radius of Weogi 
the Parallel LK (which does nor ſenſibly diſſet We, t 
from the Radius of the known Parallel A B.) that ¶ Equi 
3s, as the Radius is to the Sine of the Stars di - ¶ Ace 
ſtance from the Pole, ſo the Number of 8 1 
an 


* 
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ul Minutes in the Arch HQ of the Parallel, Lecture 
0 the Number of Degrees and Minutes in the XIX. 
uch O Q of the great Circle; which therefore A 


nil be known by the Rule of Proportion. But 
O is the Difference of the Declinations of the 
dur which deſcribes the Parallel A B and of that 
which deſcribes the Parallel LK; therefore from 
de Declination of one of theſe Stars being known, 
ne can find the Declination of the other. And by 


his Method the Right Aſcenſions and Declina- 


tions of moſt Stars may be obſerved. | 


THAT in unequal 'Circles rhe Numbers of 


fmilar Parts, as Degrees and Minutes, that are in 
Arches equal in bigneſs, are reciprocal to the Radii 
of the Circles, may be thus demonſtrated. Imagine 
wo unequal Circles whoſe Center is C, and in 
them equal Arches BE, AF: Draw from the 
Center CB, CE, cutting from the leſſer Circle 


the Arch A D. The Arches AD and BE will Pe XII. 


contain equal Numbers of Degrees and Minutes. 
Ind becauſe AF and BE are equal, A D will 
be to AF as A D is to BE. But A D is to BE 


uz CA is to CB; therefore A D will be ro AF 


CA is to CB. But A D is to A F as the Num- 


Ig. 30 


ber of Degrees and Minutes in A D or in BE is 


tothe Number of Degrees and Minutes in AF. 
Wherefore the Number of Degrees and Minutes 
nBE is to the Number of -Degrees and Minures 
in AF, as CA is ro CB; or in a reciprocal: 
Proportion of the Radii of the Circles. Which 
vas to be demonſtrated. | 


HAVING the Right Aſcenſion and Deelina- Heving the 
tion of a Star, irs Longirude and Latitude may gie 7. 
be found out by the Solution of a ſpherical Tri- Star, and its 


angle, For imagine BP Q to paſs thro the Poles 


* 


of the Equator and Ecliprick ; this Circle is rhe 


Declination 
to find its 
Longitude 


folſtitial Colure. Let E Q be the Equinoctial, aud Lati- 
EC the Ecliptick, whoſe Section with the Equi- “ 


doctial is V, and let S be a Star, thro which paſ- P! 


ſes the Circle of Declination PSF, cutting the 
Equinoctial at F: The Arch VF is the Right 
Aſcenſion of the Se and SF its Declination. 


Draw | 


areX Y 


Fig 4. 


— . — —ů 
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Lecture Draw thro the Pole of the Ecliptick B and ths 


XIX. 


the Arch BS, whoſe Complement to a Quadrant 


Aſcenſion and Declination. 
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Star the Circle of Latitude BS O, meeting with 
the Ecliptick in O: Then YO will be the Longi. 
rude of the Star, and 8 O its Latitude. In 

ſpherical Triangle BSP, we have the fide Ps 
which is the Complement of the Declination, and 
the fide BP, which is equal to the Arch that 
meaſures the Inclination of the Equaror and the 
Ecliprick : Beſides which, we have the Ange 
which is meaſured by the Arch F Q the Comple. 
ment of the Right Aſcenſion ; and therefore we 
have the Angle BPS irs Complement to two 
right Angles. And therefore in the Triangle BP$ 
having three of its conſtituent Parrs, we may find 
firſt the Angle PBS, whoſe meafure is the Arch 
OC, and irs Complement to a Quadrant is the 
Arch Y O, which is the Longirude of the Star, 
We can likewiſe from the ſame Things given find 


is SO, the Latitude of the Star. After the ſame 
Method, if the Longitude and Latitude of a Srar 
be known, we may from thence find irs Right 


Buy comparing the Places of the fixed Stars, as 
they were deliver'd to us by the Antients, with 
what they now obtain, we find that their Lat ; 
tudes are much the ſame they were formerly; bur MW pi 


their Longitudes or Diſtances from the firſt of Y Ri 


have been found to encreaſe continually : Nor that I ma 
the Stars have a real progreſſive Motion; but be- of 
cauſe the Equinoctial Points have a Motion back-W - 


wards, and the Longitudes are computed from 


logue, which being once eſtabliſhed, the Places of 


them. The Longitude of any fixed Star obſerved 
by the Antient Aſtronomers, compared with the 
Longitude it has at preſent, ſhews rhe Quantity 
of this Regreſſion of the Equinoctial Points to be 


about one Degree in 72 Years. * 


BY the Method we have ſhewed, the Longl- 


tudes and Latirudes of the Fixed Srars are found, 


and they and their Places are ranked in a Cau- 


the Planets and Comets are eafily known by Ob. 


LECTYRES. 


; r 
ſervation and Computation. For if the  Diſtin: OY 


ces of any Planer or Comet from two Fixed Stars MIX 
of known Longirude and Latirude be taken by WAN 


Obſervation, we may by that means determine 


the Lougitude and Latitude of the Planet or Co- 
per in the following manner. 


Let E F be a Portion of the Ecliptick, whoſe Plate XVII, 


Pole is B, and ler A and C be two Stars, whoſe 
[oogirudes and Latitudes are known, and P a 
Planer, whoſe Diſtances from the ſame Stars are 
known by” Obſervation. In the Triangle A B C, 
having AB and CB the Complements of the 
Latirudes of the rwo Stars, and the Angle ABC, 
whoſe meaſure is the Arch E E, the Difference of 
Longirude of the two Stars; from thence we 


may find A C the Diſtance of the Stars, and the 
255 BCA. Again, in the Triangle APC Wwe 
have all the Sides, from which we may find the 


Angle PCA; | which being ſubſtracted from BCA, 
will leave the Angle BCP. Laſtly; in the 
Triangle BCP, we have the fides B C, CP, and 
the Angle PCB; from which we can find t * 


Angle PBC, whoſe meaſure is O F the ifference | 


| of Longitude of the Star C and the Planer... We 
can alſo find the Arch P B the Complement of 
the Latitude of the Planer. 

AFTER the ſame Method, if we 1. the 
Diſtances of a Planet from two Fixed Stats, whoſe 
Right Aſcenſions and Declinations are known, we 
may find out the Right Aſcenſion and ech 
of that Planet. 


Fig. 7. 
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2 Abs ag E ; m E 8 OY inn itls Come 
makes a8: tbe Me niencies which we receive from the 4. 
(mn 4 S pers, we — * . Advan- 
tage, that while the Sun ſnines, it 
el 1 859 the Face of the Heavens or Fir- 
mament to appear lucid and bright; for if no 
Atmoſphere ſurrounded and involved the Earth, 
only that part of the Heavens would appear to 

ſhine in which the Sun was placed: And a Spe- 
ctator, if he ſhould turn his Back to the Sin 
would immediately perceive it as dark as Night; 
and even in the Day-time while the Sun lined 
the leaft Stars\ would be ſeen ſhining, as they 00 
now in the cleareſt Night; ſince in that Caſe thete 
would be no ſubſtance to reflect the Rays of the 
5 Sun to our Eyes, and all the Rays which do not 
. fall upon the Surface of the Earth, paſſing by us, 
would either illuminate the Planers and Stars, ot 
ſpreading themſelves out into infinite Space, would 

never be reflected back to us. 

BUT nce there is an Atmoſphere covering the 
Earth, which is ſtrongly illuminated by the Sun, 
it i $ the Light back upon us, and makes the 
whole Heavens to ſhine; and that ſo ſtrongly, 
that by reaſon of its Splendor, it obſcures the 
Fans Light of the Stars, and renders them invi- 

e. 
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IF there wele t no  dÞmoſphere; che Sun imme! 
(ately before his ſerting, would, y 58 as wwe XX: 8 
55 at Noon; but in a Moment,” Kſcon as he 
{, we ſhould have the Face of che Earth in as 
great Darkneſs as it would be at hi nv $6 of is © 
quick a Change, Fic ſo ſuddain a paſſi ing from che — 
beeſt Light to the, greateſt Darkneſs, would ba 
ery inconvenient to the Inhabirants of the Earth. 
Bur by means of the Atmoſphere” It happens, -thae 
tho' 10 Sun ſerting! we receive no direct Light 
ſom the Sun, et we enjoy its reflected Light for 
ite Time ; ſo that the Darkneſs of the Night 
c<mes not ſuddainly, but by Degrees. For aftet 
de Earth by, its Revolution round its Axis has 
withdrawn us from rhe Gghr of the Sun. The 
Amoſpbere Wbich, is higher than we are, will Kilt 
be illuminated by the Sun; 10 that for 4 While 
. whole Heavens will have ſome of his Light 

ted to ir. But as the Sun goes ſtill lower 

er the Horizon, the leſs is the Air illuſtrated 
b him : So that when he is got as fat as 18 De- 
grees lower than the Horizon, he no longer en- 
lchtens our Atmoſphere, and then all a kart 
thereof that is over us becomes dark. 

FO likewwiſe in the Morning, as ö a8 I 
Sun comes within 18 Degrees of the- Horizon; he 
begins again to enlighren the Atmoſphere, and ro 7; 
difuſe bis Light thro' the Heavens: So that its 
Brighrneſs does ſtill increaſe, till the Sun riſes 
and makes full Day. This ſmall Illumination of 
the Atmoſphere, and ſtate of the Heavens between 
Day and Night, is what we call the Twilight, | 
which is obſerved in the Morning before the Sun's | 
riſing, and at Night after his ſerring 3 in Latin i 
is named the Crepuſculum. 

TO make this plainer, imagine the Cirde 
ADL on the Surface of the Earth, in the Plane 
of the vertical Circle in which the'Sun is when 
under the Horizon. 'Ler there likewiſe be another Plate XIX. 
concentrical Circle C B M in the ſame Plane, in- F'& 1. 
cluding that Portion of the Air that reflects the | 


Sun's Beams: 8 Sen * Eye to * on the 
Earth s 


ce 


_—_ 


; «7 % 
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re Earth's Surface at A, whoſe {enhble Horizon i 


the Tangent AN and the Fenn 


XX. 


— 


Anot ber 


fan: tbe ſeem to be the only cauſe of the Twilight; but 


wilight, 


AN. Since no Line can be drawn. to A between 

nt 4 15 D, by th 
16th of the Third Element; it is p un, that when 
the Sun is under the Horizon no direct Rays cat 
come to the Eye at A: But the Sun being in the 
Line CG, a Line may be drawn; from him to C 
ſo that the Particle C may be illuminated by the 
direct Rays of the Sun; which Particle may re. 
flect thoſe Rays to A, where they. may enter th 
Eye of the Spectator: And by this means the 
Beams of the Sun's Light illuminating an ingy- 
merable multitude of Particles, may by them he 


q 


reflected to the Spectator in A, Let the Tangent 


A B meet with the Surface of the Orb of Air that 
reflects the Light in B; and from B draw BD, 
touching the Circle ADL in D, and let the Sy 
be in the Line BD at S: Then the Ray SB wil 
be reflected into BA, and will enter the Eye, 
becauſe of the Angle of Incidence D BE bein 
equal to the Angle of Reflection A BE: An 
that will be the firſt Ray that reacheth the ye 
in the Morning, and then the dawning begins; 0 
the laſt which falls upon the Eye I Nioke when 
the Twilight ends, For when the Sun goes lower 
down, the Particles at B can be no longer illy- 
minaret. 3 dere 
THE Reflection of the | Atmoſphere does not 


there is an Ætherial Air or Atmoſphere. likewiſe 
round the Sun, which ſhines after the Body of the 
Sun 1s ſet: This Orb of the Sun's Atmoſphere 11- 
fing ſooner, and. ſetting later than the Sun ir elf, 
mines out at Mornings and Nights in a circular 
Figure, it being a Segment of the Sun's Atmoſphere 


cent by the Horizon; and its Light is quite of 


another ſort than that which is made by the Re- 


flection of our Atmoſphere, But the Duration of 


the Twilight that ariſes from the Sun's Atmoſpbere, 


is ſhorter much than that made by the Reflection 


of the Earth's Atmoſphere, which does not end till 
e Sun comes wo be 18 Degrees below che Hor 


*20n, 


F 


\ DEWPUDAN?> A 
100; or thereabouts. But there can be no cer- Lay 
uin bounds fixed for rhe Beginning and End- X 
ings of the Twilights; for their Lengths depend 
on the quantity of Marter in the Air which is 

able to reflect Light, and on the Height of the 
ftmoſphere. In the Winter the Air being conden- 

fed by the cold is low, and on that Account the 

Twilights are ſooner over. In the Ser the Ar 

is tarity d by Heat, and therefore being highet 

remains: longer illuminated by the Sun, ſo that 

the Twilights laſt the longer: Alſo the Duration 

of the Twilight is ſhorter in the Morning than at 
Night. We generally reckon that the Twilight 
begins of ends, when in the Morning the Stars of 

the ſixth Magnitude diſappear, or in the Evening 

when they firſt come to be ſeen; the light of the 

Air before that rendring them inviſible. Ricciolus 

obſerved ar Bononia that the Morning Twilight 

about the Time of the Eguinocties, laſted an Hour 

and 47 Minutes; but in the Evening two Hours, 

and did not end till the Sun was 20 Degrees un- 

der the Horizon: But in Summer the Morning 
Twilight was three Hours and 40 Minutes long; 

the Evening Twilight ſcarcely ending till Midnight. os 
"HENCE if we have the Time of Beginning 1 
of the Twiligbt in the Morning, or the endof it 3 5 
ar Night, we may find the Height of the Air that meaſir'd by 
reflects the Light; for then the Tailight ends, lays es 
when a Ray of Light from the Sun touches the Twilight.” 
Globe of the Earth, and is by the hipheſt Air re. 
flected ro our Eyes: For having the Time, 
we can find the Depreſſion of the Sun below 
the Horizon, and from thence the Height of the 


Air. For let S B be a Ray of Light touching 


the Earth, which is reflected, bv a particle of Air 
in its higheſt Region, in the horizontal Line AB; 
the Angle S B N is the meaſure of rhe Depreſſion 
of the Sun below the Horizon: And becauſe AB 
is alſo a Tangent, the Angle AED ar the Center 
is equal to the Angle SBN]; and its half, chat is 
the Angle A E B, is equal to half SBN or half 
te Depreſſion of the Sun. Suppoſe the Depreſ- 
Nt „„ o 15 Ks DATE. | ſion 
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* 
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Lecture ſion of the Sun at the beginning or end of Tui. 
XX. light be 18 Degrees; then the Angle AEB will be 1. 
s Degrees, which would be true, did the Ray $3 . 
ſs rhro' the Armoſphere without Refraction: Bu de 
cauſe it is refracted and bent towards H, ve au 
muſt diminiſh the Angle A EB by a quantiy , 
equal to the Horizontal Refraction, which is 4. Ld 
bout half a Degree: And therefore the true mea. vrce 
ſure of the Angle AEB is 85 Degrees. Moreo- Curc 
ver, AE is to BH as the Radius is to the exces e 
of rhe Secant of the Angle AEB above the Nu. they 
dius, that is as 100000 is to 1110. Therefore if WM 
the Semidiameter of the Earth be in round Num- 5 
the ( 
a Pa 
agr 
the 
the 
the 
the 
eacl 
gre: 
* 
and 
Boo 


bers 4000 Miles, B H the height of the Atmoſphere 
which reflects the Sun's Rays will be about 44 
Miles; for as 100000 is to 1110, fo is 4000 


to 44. | | . 
nder the IN a right Poſition of the Sphere the Twilight; 
Equator the are quickly over; becauſe the Sun deſcendt 
Tollet , conſtantly nearly in a perpendiculag; but in an 
ſbort. oblique Sphere they laſt longer, the Sun deſcend. 
ing obliquely ; and the more oblique the Sphere 
is, that is the greater the Latitude of the Place is, 
fo much longer laſt the Twilights : So that all the) 
who are in above 48 Degrees Latitude, in the 
Summer near the Solſtices, have their Atmoſphere il. | 
luminated the whole Night, and the Twilight un 
laſts till the Sun-rifing, without any compleat For 
' +... darkneſs. | Fe) e 
Under the IN a parallel Sphere the Twilight laſts for ſe. de 
Potes 999 veral Months; ſo that the Inhabitants have either wh 
Soak, the direct or reflex Light of the Sun for almoſt all I ** 
. | . 
2 Cir- IF below the Horizon you conceive a Circle to the 
die Tui. be drawn parallel ro the Horizon, and at a di- en 
” light. ſtance from it equal to the Depreſſion of the Sun 
"th at the end of the Twilight : This leſſer Circle is def 
called the Circle which terminates the Twilights ; the 
for whenever the Sun by its apparent diurnal 
Motion reaches this Parallel, the Morning Twilight I bon 
begins, or the Evening ends, in whatever parallel ok 
of the Equator the Sun is. e , | han 
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IN the Figure let HQO be the Horizon, Lecture 

VX the Circle — 745 to it rerminating'the Ti- XX. 

ligbe, the Circle HZ O the Meridian, Qa the 

Equator. It is manifeſt that the more oblique the Ie 4y. 
nator is to the Horizon, ſo much the greater cbes of the 

ar the Arches of the Equator and its Parallels, ir- r filgkt. 

rercepred between the Horizon and the terminating 

Circle Va X. The Arches QR, da, Ce, G b, K, 

are called the Arches of the Twiligbes, becauſe 

they determine their Duration: And as each Arch plate X1x, 

has a bigger or leſs proportion to its Circle, fo Ft 2 

will the Twiligbe when the Sun is in that Paral- 

el, be longer or ſhorter. ' In the Circle bounding 

the Crepuſcles rake any Point 4, thro which paſſes 

a Parallel to the Equator 44; and thro' a imagine 

a great Circle to be drawn as Ma N, touching 

the Circle of perpetual Apparition: And fince 

the Horizon likewiſe touches the ſame Circle, 

theſe two Circles will make equal Angles with 

the Equator and its Parallels; for the meaſure of 

each Angle is the diſtance of the Parallel from its 

great Circle. So likewiſe all the Arches of the 

Equator, and its Parallels between the Horizon 

and the Circle MaN are ſimilar, by Prop. 13, 

Book II. Theodaſius s Sphericks. This Circle Ma N 

will either cur the bounding Circle Va X in two 

Points, or touch it in one. Let it firſt cut it in 

two Points à and h; and therefore the Arches of 

the Parallels da, Gh are ſimilar: Wherefore 

when the Sun by its diurnal Motion deſcribes 

theſe two Parallels, the Tw:/zghts are equal; But 

while he deſcribes any intermediate Parallel as Ce, 

the Time of the Twilight is ſhorter ; for in this caſe 

Cm the Arch of Twilighe is leſs than Ce, which is 

ſimilar to the Arch da or Gb, and Ce and da are 

deſcribed by the Sun in equal times. But wen 

the Sun is in Parallels thar are at a greater di- 

ſtance from the Equator than Gh, the Twilighes laſt 

longer; for the Twilighe Arch ! K is greater than 

1K, which is deſcribed by the Sun in the ſame 

time as the Arch of the Crepuſcle Gh, | 


WHILE 


Lecture W HI LE the Sun is in Parallels that ate tb. 

XX. wards the elevated Pole, the Twilighrs do cos. 
W ſtantly grow longer, according; as thoſe. Parallel 
_ The dif- approach the Poles : For the Twilight Arch, 9 i 
Ban, of the longer in F QR. and Y U. the 


| the encreaſe and decreaſe of Days and Nights 
2 the firſt of Capricorn; all that time the Days 


Plate XIX.  2dly, LE T the Circle M N touch the boun- equ 


Fig. 3. 


whole Night long; + 


Twilight. From thence the Twilighes will begin th 


Equator,” before he reaches : And if the. Sun 
mould go further South even beyond the Tropidk, 


- the Horizon and the Circle M N are all ſimilar 


— — 
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lame way is longer than o But if the Sun de. 
ſcribe the Parallel S 7, it never will meet with the 
bound ing Circle, and then the Twilight 8 lafts the 


HENCE, ariſes a great Difference -berwen 
the increaſe of the Twilight and its deereaſe and 


For while che Sun moves from the beginning of 


conſtantly decreaſe, and the Nights increaſe: Bu 
in the Iwi ſighe it is otherwiſe; for tho the Tyi, 
ligbi and Days are at the longeſt when the Sun iz 
in che firſt degree of G, and then they both de- 
creaſe together; yet the times of Twilight do not 
continually decreaſe till the Sun comes to yp, but 
there is a certain Point between and W. 80 
which when the Sun arrives, we have the ſhorteſt 


encreaſe again, and there will be one Arch of 
Twilight ſimilar to that when the Sun is in the 


the Twilighes would ſtill increaſe, altho the Days 
decrealed,, And altho the Days from the begin- 
ning of the Sun's entry into y do conſtantly en- I 
creaſe, yet the - Twilights grow ſhorter t ill the Sun Wat ? 
oomes. to & point between vp. and Y, in which WW the 
again we have the ſhorteſt Twilight: This appears Wl fie 
plain by what we are here ro demonſtrate in the I fur: 
next. place 312 | 


ding Circle in one peoint, which ſuppoſe ro be 4, I dra 
tbro which. draw th Parallel to the Equator 4; I (ft 
I lay that when the Sun is in this Parallel the JF An 
Twilight will be the ſhorteſt of all. For ' becauſe ¶ De 
the Arches of the Parallels intercepted between ro 


the 


ET U RE. 


rearer than em or g, the Sun will be longer 


u moving thro' the Arch ce than om, and thro” 
he Arch g h than g; that is longer than in de- 


the ſhorreſt TwiIlig be. 00. Li £3 0: 

THE Diſtance. of that Parallel from the Equa- 
ut in which is the -ſhorreſt Twilight, is thus in- 
eſtigated. Becauſe the Circle Ma N and the 


the Circle of perpetual Apparition, they will both 
e equally inclined to the Equator: And therefore 
ge Angle a n T of the Equator and the Circle 
M4 N, is equal to the Angle F Qd of the Equa- 
torand the Horizon. Thro' the Zenith Z and the 
Point a draw the vertical Circle Z Va, cutting the 
Equator in the point T. The ſpherical Triangles 
T, T QY,, are mutually equiangular to each 


rertical'ro each other: Theſe Triangles then being 
equiangular are alſo equilateral; and therefore 
Ta will be equal to ITV, or to half rhe diſtance of 
the bounding Circle from the Horizon: Moreover, 
4 is equal to Qd, by 13. Prop, Book II. Theod. 


gin- Wis equal ro OX. 


Cnbiog the Arch da, which Arch therefore is 


* * 
. 
Ss 
* 


for FR and 4 are parallel, and therefore d 


1 
ey will be deſeribed by the Sun in equal times: Lecture 
Bur becauſe the Iwiligbt Arches ce and gh are XX. 


3 ” 8 ” 


k * 
* 


The time 
the ſhor- 
teſt Twi- 

light inve- 


Horizon: H O 'ranch- the ſame Parallel, which is 


12ated, 


ather, becauſe the Angles at a-and Y are rights... 
and we have ſnewed that the Angles at Q and 
ue equal; alſo the Angles at T are equal, being 


"en- IN the ſpherical Triangle T Q V rectangular 
Sun Wat Y, we have the ſide T V half the diſtance f 


bick ide bounding Circle from the- Horizon; as alſo 


ears che Angle Y'QT- equal to FQd, which mea 
the fures the Complement of the Latitude of the place; 3s * 


wherefore we can find Q, and Qd which is 
jun- equal to it! From the Point d to the Equator 
es, N draw the Circle af Declination d F; and in the 
1; ſpherical Triangle 4 QF, we have 4 Q and the 
the W Angle Q, by which we can find the Arch d E, the 
wie MW Declination of the Parallel of the leaſt Twiligbt 
eco rom the Equator, which was to be found. 


ber | FETs 4 4 Ru 


* 9 
* 
o 
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Fetire: THIS Problem might have been ſolved by os 
XX. ſingle Analogy. ' For in the Triangle T Q V, de 
Radius: Tang. TV: Co-tang. Q: Sin. Q or © fry 
fame The Sin. of 4 Q: Bur che Sin. - of Q: Colin, of d; 
] 


em Q:: Rad. Co-tang. Q. Therefore by the Rules Ml 4 

| of the eh Element, The Mai e om 

. in. of Q. will be to the Tang. of IV intothe 
Colin. vf Q, as the Radius is to the Sin. of Od: 
But in the Right-angled Triangle Qd F, Radius 

ein is to the Sine of Qd as the Sine of the Angle C 

> ©" "*o'the Sine of 4 F ; whetefore Rad. & Sine Quil 

Will be to Tang. of TV * Ce-fine of Q, as the 

Sine of Q to Sine of d F; and rhenee; e ag i 

will be as Radius to Tang. of T V, ſo Co- ine a 

Q ;or the Sine of the Latitude, to the Sine of the 

diſtance of the Parallel from the Equaror, Having 

the Declination of the Sun, the time of the begin- 

ning of the Morning Twiligbe, which we call Break 

of Day, or the End of the Eyening Twiligbe is thus 

The Du to be found. Let o be the parallel of the Sun 

 Fation of meering with the bounding Circle in p; and dra 

determined, thro” the Pole the Circle of Declination Pp. In 

| the ſpherical Triangle PZ p we have all the ſides; 

for ZP is the Complement of the Latitude, Pp 

the Complement of the Sun's Declination, and 

Z p equal ro the Sum of a Quadrant and the 

-diftance/of 'the bounding Circle from the Horizon 

SZ II. From which we can find the 1752 

2 P p, and its Complement to two Rights V. 

; ps and the Arch of the Equator meaſuring this Angle 

being converted into Time, will ſhew the begin- 
| ning or end of Twilight 7 2 

« Refrafiion- TH B'TERRESTIAL ATMOSPHERE 

ty the at- by reflecting the Sun's Beams not only produces 


— the Morning and Evening Twilight, but it alſo 0 

bends and refracts the Rays of the Sun and all 105 

the Stars which fall on it, and changes their Di- ak 

rections by propagating the Light in other Links, roſe 

making the apparent Places of the Stars different W. 

from their true Places. L % 16 1 1 Way 

14 BY manifold Experiments we find that the wy 
117 Rays of a luminous Body, even of any viſible 4 Dire 
1 4 4 je a 82 


HA. 


wp 408 ute EU 412 at aa? ata a 
% when they fall upon a Medium or Diapha- Lecture 
5 Body as Rix of Wares of a different Den- XX. 
el; do not aftetwafds go ditectiy in the mem 


they are bent towards a Line perpendicular tõoõ 

tir Surface whereon they fall, at tlie 72 n 
ce ; but if it Rarer' Medium, in their 

ending they recede from the Perpeddiculac. 


un, 1 VE obſerve- in, Nature many effects 0 Re- An 8 TAS 
ne dt ation, A Staff, whoſe one part is immerged in 
F the WY Water and the other in the Air; appears broken; 


nd that part which'is in Water Appears higher 


ow ſince this Ray comes from the Etherial 


| Air much rarer than ours, or rather from a per- 
ue fect Void, and falls on our Atmoſphere, which is 
Sin dene in compariſon of it; In E it will be refra- 
RE ded towards the Perpendicular + Arid becauſe the 
\ces WW per Air is rarer than thar which is nearer the 


karth, and grows. ſtill denſer the nearer it is to 


- ls, this Ray of Light as it proceeds will. con- 
Di. tantly be refracted and bended, fo that it will 
nes. ative ar our Eye in the curve Line EA : Sup» 
nt poſe the right Line A F to touch this Circle in A; 


i {cording to the Direction AF the Ray of Light 
| will enter the, Eye at A. And becauſe all Ob- 
ects are ſeen in the Line according to whoſe. 
ct, Direction the Rays enter the Eye and ſtrike 

1 888 5 R upon 


r K. . ©. x 
D on ; — © | Ke * 1 2 
erer 247 


iy from that from whence they firſt proceed- .. 


air Lines, but are broken or bended, and pro- 2 | 


dich the Rays fall be denſer than the firſt, „ 
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+Qure upon the Senſorium; the Objects will appear in th 
XX. Line AF, chat is in the Heavens at Q, which ö 
; | nearer to our Vertex than the Star really is. And 
of it d b $4 +1 ha | th F 8 . hi h . 
it may even happen, that à Star which is belgy 
By Refra- the Horizon may be ſeen above ir. This Refta. 
Mon an_E- C᷑ion is alſo the cauſe why the two great Luminz. 
clipſe of the ID 15; -3480!1 U F 19 | l 
Moon may Ties. the Sun and Moon, when one of them h 
ee, aboye the Horizon and the other below it, both 
ander. May appear aboye the Horizon; ſo that the Mom 
Horizon, has been obſeryed. eclipſed, when the was beloy 
the Horizon and the Sun above it. 


Where ibe A Star in the Vertex or Zenith has no Re: 
7 — fraction, for a perpendicular Ray goes ſtreight on; 
where the But the more obliquely the Ray falls upon the 
leoft, ſurface of the Air, ſo much the greater is the Re 
fraction; ſo that the Horizontal Refraction is the 
greateſt, of all. And a Star that is above 30 De- 
Al the grees high has ſcarcely a ſenſible Refraction. I 
2 2 equal Altitudes the Refractions are equal: And 
— % therefore the Sun, Moon and fix ' d Stars, at the 
Bafradum, ſame apparent height, have all the ſame Degree of 
ERefraction; tho the noble Tycho Brahe, the Re- 
ſtorer of Aſtropomy and the firſt obſerver of Re. 
fractions. thought otherwiſe : Hence if the Re. 
fractions of the Fixed Stars are known, we ſhall 
know likewiſe the Refractions of the Sun, Moon 
and Planets: And it is eaſier to find by Obſer- 
vation the Refraction of a Fixed Star than that 
of the Sun and Moon: For the Parallaxes of 
theſe Bodies not being exactly known, the Oblſer- 
vations about their Refractions will be doubtful; 
but the Fixed Stars having no Parallax, all the 
difference between their true and obſerved Places 

1s wholly owing to Refraction. 2 
The Me- TH OSE Fixed Stars that riſe higher above the 


tbod of ob- H | . 18 
ſerving the Horizon than 50 Degrees have their Declinations, 


q Refradion. Right-Aſcenſions, Longitudes and Latitudes accu- 
| rately enough known; for in ſo great an Altitude 
the Refraction is next to nothing. Now theſe 
being known, we find the Refraction's near the 
Horizon by the following Method. Let OP ZH 
be the Meridian, HO the Horizon, A&A = the 
1 | A 


Plate XIX, 
Fig. 3. 
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| CEE CT/ORES: t wtf 
Equaror, P rhe Pole, and the Vertex Z. Let. A Lecture 
be a Kar whole Refraction is to be found, ald. NX. 
let Z D be a vertical Circle pai 0 b. 
whoſe apparent Place ſuppoſe to ge &; the Arch 
AC is the Refraction. Let the apparent diſtance 
of the Star from the Vertex be obſerved, that is 
the Arch Z C: And at the time of che Obſerva- 
tion rake the Altitude of another Star Which is ſo 
high that it is not liable to Refraction, witli which 
find our the moment of Time the Obſervation 
was made; which may alſo be known by à god 
Pendulum Clock: By this Time and tlie Right- 
Aſcenſion of the Sun, we ſhall find he Point of the 
Equaror which then culminates or ib in the Meri- 

dian, that is the Point E. But we have alſo the 
Right-Aſcenſion of the Star, that is the Point B, 

where the Circle of Declination paſſing ttiro', the 

brar meets the Equator; and conſequeatiy the Arc 

EB will be known, which is the meaſure of the 

Angle Z PA. Therefore in the ſpherical Trian- 

gle Z PA, having ZP the diſtance of the Polt 

from the Vertex, and PA the Complement of rie 

Star's Declination, as alſo the Angle Z PA, M ._ 
find out by Tri gonometry the fide Z A the true die. 
ſtance of the Star from the Vertex ; fröm Wick 
ſubſtract Z C the apparent diſtance known by bt 


4 


ſervation, and there will remain A C' the Refra-. - 


© + 


ction of the Star, which was to be foun e. 
THE Refraction may likewiſe be found by obe e 
Horizon between the Meridian and the Vertical Refrattay 
Circle paſſing thro the Sar, that is the Arch DO; 
for that Arch meaſures the Angle PZ A, from 
which, and the ſides PZ, PA, we may find Z A we 
the true diſtance of rhe Star from the Vertex; 
from which ſubſtract Z C the obſerved Diſtance; 


ſerving the Azimuth of a Star, or the Arch of rhe finding. bs 


tho ba 
+ ws 4 — 


a Star. 


ndicular CA, which is eaſily perform d by a 457. 
fine and a Plummer : Then rake another Thread Fig «4 
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ing theo" the Star; AV 


beſt obſerved! The Mes 
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- ASTRONOMICAL 
„Lecture with a Weight as B D, and bang it o that the 
XX. Body of the Star may be covered by the two 
l hreads CA, DB, and then the Star will be in the 
Plane of a Vertical Circle, in which Plane the 
Tbreads do likewiſe ſtand: Mark then the Point 
B. in the Plane of the Horizon, and in the Meri. 
.dian Line che Point A, upon which is erected the 
Thread A C: And taking in the Meridian Line 
any Point En draw A B, B E; then by the help of 
ta Scale of æqual parts meaſure. the three ſides of 

the Triangle BAE, from which by Trigo 
e ſhall find; the Angle BAE, which! is the Azi- 

muth that; was to be found. - - 

FRO M Refraction, the: male plain why 
the Sun and Moon near the:Horizon appear of an 
oval Figure; for their inferiour Limbs are more 
refracted and raiſed higher than the ſuperiour 
Limbs are; and therefore theſe two Limbs will 
ſeem nearer to each other, and the breadth of the 
Bodies contracted; while both ends of the Hori- 
zontal Diameter heing equally refracted and raiſed, 
keep the ſame diſtance from one another, and its 
apparent Magnitude remains the ſame. 

ben be THE Rays of the Sun, when he is in or near 


Lun is in the” 


Horizon b the Horizon, paſs thorow a larger body of Air, 


Rays paſe than when he is near the Vertex. For let ABD 
+ any, «ce be the Earth, E CF the Orb of Air which fur- 
e Air . — rounds it, whoſe Altitude is commonly reckon d 
mow fe . be 50, Miles. Let C A be an Horizontal Ray, 
Rich, E A. a Vertical Ray: It is manifeſt that C A 1s 
an longer than EA; and the proportion of theſe 
Flax XIX. Lines may be th bs found our. Suppoſe the Semi- 
diameter of the Earth in round Numbers to be 
4000 Miles, and EA 50; then is TE=CT 
4050, whoſe Square is equal to the Squares of CA 
and AT: And therefore if from the Square of 


CT we take away the Square of TA, there will 


be 


= remain the Square CA; That is; if from 16402500 
wers ſubſtract 16000000, there will remain 402500, 
which .is the Square of CA, whoſe Root is 634: 

And therefore C A: AE: : 634: 50, which 1s 


greater than the proportion of 12 to 1. Hence 
: we 
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we ſee the reaſon why without hurting our Eyes, Leut 
Bur in the Meridian he is not ten be looked 


7 * ak 


4 1 


upon wirhout the danger of hurting our Sight. IX "RE, 
For the Rays of the Sun in the Horizon pene. 

tating ſo large à body of Air, Hitz againſt an 
infinite number of Particles ſwimming in it, and 
being reflected © or abſorbed, che force of the 
Light is thereby much weakned.” Since there- 
fore Light is ſo much weakned in paſſing rhro* fo" 
ſmall a ſpace as our Armoſphere; if this Armoſphere 
were ſo large as to reach the Moon, and were of 
the ſame Denſity, neither Sun, Moon, nor Stars 
chuld then de fee!) i 


LR CT URBE 15 


HYINCE all the apparent diurnal Mos 
8 DX tions are performed uniformly round 
8 ie) the Axis of the Earth, and nor round 
BAER the place of the Spectator, who lives 
upon the Earth's Surface; he who obſerves the 
Motion of the Stars from this Surface, muſt find 
that they appear to move with a Motion that is 
not equal. For if a body by its Motion deſcribes- 
equally the Periphery of a Circle, the equality of 
Motion can be ſeen from no other Points that 
thoſe in the Axis of this Circle. And therefore 
any Star or Phænomenon ſeen from the Center of 
the Earth will appear in a different Place from what 
it does when obſerved from the Surface; and this 
difference of Place of the ſame Star, ſeen from the 
Earth's Center and viewed from its Surface, is 


called the Parallax of that Star. 
R 3 5 LET 


7 


| 0 Fig. . | 
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4ST RON) OH CAL © 
LET Ag r of a. great Circle 10 
* 


che Earth's Surfac where 5 is the place of 


ectator, and the poi in che Heavens hig 
(ertex f Zenith. Let V NH repreſent the ſtar, 
ry. Firmament! the Line AD the ſenſible. Horizogy 
EPL duppoſe the Star C to be; ſeen, whole, 


tance from che Ceurer of the Rank is T C. I 
Sar were abſeryed from the Center I, ir 
would, appeat in the: 3 E, and elevareq 
vs · che Horizon by the Arch DE. This Point 
is called che true Place of the non of 
Star; But an Obſerver. viewing: it from the fur» 
face of the Earth! ar A, will obſerve its Place in 
the Horizon at D, which is called the viſible! os 
apparent Place of the Star: And the Arch D E, 
the diftance between the true and viſible Place, is 


named the Paralax of the Star. 


1 IF the Star riſe higher above the Horizon ta 


M, its true Place viſible from the Center is P, 
bur its viſible Place from the ſurface 1 1s N, and x 
its Parallax is the Arch PN, which is leſs than 


the Arch DE. And therefore the horizontal Pa- 
Salley is greateſt of all Parallaxes; and the higher 
tar riſes, the leſs is its Parallax : And if it 


| _— come to the Vertex it would have no Pa- 


rallax at all. For when it is in Q it is ſeen both 
from I and A in the ſame Line TAV, and therg 
ig no difference between its true and viſible * 
The further a Star is diſtant from the Barth, i 
much the. leſs is its Parallax: So the Parallax. 
the Star E is G D, which is leſs than the Parallax 
of the nearer Star E. Hence it is plain that the 
rallax is the Difference of the Diſtances of 3 


ar from the Vertex, when ſeen from the Center 
and from the ſurface of the Earth. For the true 


diftance of the Star M from the Vertex is the Arch 


VI but when obſerved from A us viſible dir. 


ſtance is VN. 


es VT M and VA M, contained between the 
orb VI drawn to the Vertex, and the right 
ines T M and A M drawn from the eurer 407 


— if $1 ; 7 17 [; - 75 45 4 | 0 


Sea Aan ars Bs <2 OY, 25.02; 5. 
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does therefore meafute the Pay rallax, and upon 
account irfelf is frequently Calle the Parallax: 
And e is 2 _ Ang e 1 which = 
Semidiameter of t e Fart ppears to an 
placed in the Ser: And therefore whiere this Se- 
midiameret is Teen rectly, there the Pataffax is 
greateff, that is in the Horizon. When rhe' Sr 
riſes-bigher, the Parallax is diminiſhed in the 
portion we ſhall ew in the following Theorem. 
TH E She bf the Parallax 3; to the Sine of the 
Stat's ee From the Verter in a e 
given proportion, which 1j as the Steniidilemeter of 't 
=_ to the diaet of the Star "from . the Earth's 


Li 1 239 


"FOR dy een Tiebrem in 4 ä 


umetry, in the Triangle A T M, the Sin 
the Angle AMT is gr the Sine of the 1. 
e TAM or VA M, as A T is to TM; that is 


in "the conſtant proportion of the Semidiameter of = | 


the Earrh ro the 2 diſtance. And therefore the 
Sine of rhe Parallax in C is ro the Sine of the 


Parallax'in M, as the Sine of the Angle VAC is 


to rhe Sine of the Angle VA M: And therefore - 
if the Parallax of a Star be known when it is at 
any one diſtance from the Verrex, we can find its 

rallax at any other diſtance from the Vertex. 
If any Stay or Phenomenon be further diftant from 
the Earth than 15500 Semidiamerers of rhe Earth, 
its Parallax will be fo ſmall that it will be infen- 
fible and cannot be obſerved : For fince I F is to 
TA as 15000 to 1; and as T is to TA, fois 
the Radius ro the Sine of the Angle I F A. 
Hence we ſhall find the Angle T FA Iſs than 14 
Seconds, which Angle is 10 ſmall chat it cannot 
be obſerved by any Inſtrument. | 
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IF we have the diſtance of. a Star from the 
S maamnir a ke bent 
ce der e rectangular at ving T 

rs diameter of the Earth DTTC FN elk 
the Star, the Angle A C T, which is the 
= Parallax, is found by Tyigenomem: 
ain, if we have this Parallax we can find 
eg Sof the Star, for in the ſame Triangle 
having AT. r 1 5 Ange, 8 CT. we may find 
Our the diſtance ma 
IF 1 OR no Fe lotiqn of its own, it 
true diſtance, from any Fixed Star me aſured by an 
Arch. of a Cirele always remains, ,unchangeably,rhe 
Jame : But if ir, have a ſenfible-Parallax its appa- 
rent diſtance, will: be thereby, changed; and, j 
the Fixed, Star, FE 2 Zo, the. pag reracel with the 
\Phenomenen, but: higher than ir, rhe. diſtance will 
"appear to grow. leſs as it riſes higher. * Star be 
| Jower, as they aſcend the diſtance will encxeaſe, 
yet ſeen from the Center they will appear con- 


Is, 


/ 


ſtantly to keep the fame diſtance from each other: 


And bete the viſible diſtances of a Phenome, 
non from à Fixed Star which is PRE it, are not th 
real bur apparent ones. 

By the Pa- LE IT chere be a Phenoniencs or Star appearing 
ral azes ib jn the Horizon in C: If it were obſerved from 
«phzgome-the Center, it would be ſeen in Conjunction wich 
non from the Fix d Star E, Bur. the Spectator in A will ſee 
| 2 it in the ſame Line with the Star D, and will be 
antly.diſtant from the Star E by the Arch D E. But 
le. as it riſes higher into M, it — ſtill appear from 

the Center of the Earth in Conjunction with the 


ſame Star E, which then w appear in P. But 


from the ſurface of the. Earth in A,it will. appear 
in N, nearer, to the Sear E than it was when in 
the Horizon z and therefore will not appear in 
Conjunction with the ſame Star D, as it did before; 
but will be diſtant from it by the Arch Nd, 
making the Arch Pd equal, to E D. Hence it 
follows, rhat if any Phenomenon always keeps the 
ſame Poſition in reſpect of the Fixed Stars, and 
changes not its arcual diſtances from them, it has 
{ ; | no 
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Ee AAA 
50 ſendble Parallax. But even llikewiſe if its 


diſtance from rhe, Stars he cha 
change be only 19 nach, ag;ariſes,from itsa proper 


Motion, in that caſe likewiſe it ll have gg ſenj- 


departs. N 


"IE? 


fble Parallax.' But, if, any Pb 

er. from a Fixed Sar, or comes mgarer, co ir 
than, whar it would do by its proper Motion, this 
difference of acceſs. or. l n es * 
Parallax, l 


Ce — cr 


changes its place in regard to rhe other ,Carc 


here; and makes its viſible Longitude, La; 
8 Righr-Aſcenfion to be different from 


the true ones, which are ſeen from the Center 0 
And) dan hence ; ariſe four ocher Kinds of Pa. 
rallax * 

LET 80: be; the Horizon, 55 Pole 
BQ the. Ecliptick and its Pole vas 
Circle paſſing thro! the Sar whoſe : true. lace is E, 
bux apparent Place D, in the ſame ertical but 
nearer - to the Horizon; ſo that the Parallax = 


* 0162: 1 


Altitude is DC. Thro' the Pole of the E A 


and the Stat draw. the Circle of Larizuge 

and G will be. the true place of the, Star "REY 
ro the Ecliptick. But a Circle of, Latitude thro' e 
the apparent place D 


of A4 
THE 2 of. a Star i. in a "vertical Circle 


in H, which will be the viſible or apparent place S. 


of the Star in the Ecliptick: The Arch of the 
Ecliptick G H intercepted between the two Cir- 
cles of Latitude paſſing thro the true and alk 


tent place, is called the Parallax of Lon girgd le, 


and CN the Parallax of Latitude. 


IF the Star be in the A c |. Circle which 
88 


guts the Eeliptick in the goth Degree from the 
Horizon; 1. e. in, that Vertical which guts the E- 
cliptick at Right-Angles; As for Example: ; In the 
Point e of the Circle VE, the Parallax of 
zude will be nothing. For becauſe the; vertic 

Circle VE is in this, caſe perpendicular, to the 
Ecliptick, it will paſs thro its Poles, and will be 
the ſame Cirthe of Latitude in which is the true 
and e place, of the Star; and, both theſs 
14. places 


Longi⸗ 


n 
Lecture 
nged, if; that XN. 
Wy 


is V Place Ks. 
vertical . 2 


15 
will meet \vith the Ecliptick 1a gt r=] 


90 
Leckurd places reduced to the Ecliprick will coincide in 
l the ſame Point: And here the Parallax of Lal 
vw ds wil be the ſame” with, the Parallax of Al 
The 7 41. ku 7 n 7 5 7 f N fart | f 
, TH nagen Quadriar" of the Feliptick 


point of ir chat riſes : The Weſtern "ring po 
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that which lyes between the gorb Degree and the 


rween the goth Degree and the ſetting poin 
thereof. A Star that is in the Eaſtern Quadt 
has its apparent Longitude greater than its true 
Longitude; for while the Star riſes the Parallax 


depreſſes it towards the Eaſt. So in the Fig. the 
villble place” of rhe Sas, in the Eelipteb "tle 


point H, which is more Eaſterly than the tre 
place G: But if the Ster be in the Weſtern Qui. 
drant, its viſible Longitude is leſs than the true, 


£ . becauſe the Parallax thruſts it Weſtward, 


LE I the Circle EQ, which before repreſented 
the Ecliprick, be now in the place of the Equator 
and P its Pole, PVH' the Meridian, VCA 
vertical Circle paſſing through the Star, in which 
ler C be its true place, and D its apparent. P CG 
DH Secondaries of the Equatot or Circles df 
Declination paſſing thro the true and apparent 


Places of the Star, meeting with the Equator in G 
And H. The point G ſhews the true Right Aſcen- 
ion of the Star, H its apparent, and the diſtance 


GH is called the Parallax of Righr-Aſcenfion. The 
true Declination of the Star is G C, and its viſible 
19 HD, and their Difference N C is the Parallax 
of Declination. If a Star be to the Eaſt of the 
Meridian, the viſible Right-Aſcenſion is greater 


than the true; if to the Feſt of it, it is leſs: And 


when the Star culminates, the Parallax of Right- 


Aſcenſion is nothing, becauſe the ſame Cirele of 


Declination does there paſs thro both the appa- 
rent and true place. 11 1 0.1 
+ THE Aftronomers have invented ſeveral Me- 
thods for finding the Parallaxes of Stars, that from 


| thence their diſtances from the Earth may be 


known; for if we knew this, we could make 
ſome Eſtimate of the Largeneſs and Amplitude 5 
E i a : t 0 
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he Univerle. 8 give ſome bf the Me 
ods which the Aſtronomers! have goncrived for MXI. 
ener theiPdrallases .. 
FIR SL, ohbſerve the Sr when it 35 in the rhe f 
lame vertical !Withi two other (Fixed Stars. r „ 
Le VB be the} vertical Circle in which ae been -. 
E Kart C and D, and the Phanameonen. or 
whoſe apparent: places wilb be Hkewiſe in Plate XX. 
e Vertiral, which: ſuppoſe to be E; and if fis · 3. 
0 have no proper Motion of its own,- it will 
cooftently- be in the ſame Line with the two Stars: 
Ilir lome time, again obierue the Bofirion: of the 
Phenomenon: with the ſame Start when it is not in 
4 vertical Cirele with them but rather in a Cir- ä 
* parallel to the: Horinon; 3. e. Suppoſe the | 
fixed Sars in e and d, and let the. viſible: place 
4 5 Star be but its true place is in the Line 
4 which joins the two Fixed. It is alſo in the 
ertical Ve; and therefute it maſt be in the point 
where theſe Lines cut one another, that is in 8. 
Obſerve the diſtances of 'the Fixed Start d and '& 
and of the Scar e from the Vertex V: Meaſure 
likewiſe: with an Inſtrumeut: the. Arches de, o 
and de: And becauſe e is the apparent place of the. 
gur and S its true place, the Arch e is its Paral- (4 
lax. In the Friangle d Ve we have all the ſides z 
wherefore we can find the Angle V 4c: Again in 
the Triangle V. 4e; we have all the ſides, rhere- ; 
fore we can find the Angle d Ve. Laſtly, In tine 
Triangle d VS we have the ſide 4 V, and. tbe 
Angles d VS and VdS, which we found before 3 
therefore we can find the ſide VS, which being | | 
ſubſtracted from Ve, ' known by Obſervation, 
leaves S e for the nen, n, was o be 
found our. 
THE Parallax of a Sax nds by likewiſe eaſily! A Second 
found this way. Obſerve: when the Phenomenon 1855. —＋ 
in any Vertical with a Fixed Sar which is near Fig. ry 
it, and then meaſure: its apparent diftance from v 
this $447 : Then obſerve again when the Pheno.. | | 
menon-and Fixed Star are in equal Alrirudes from 


the | NE and ha * meaſure their di- 


6 ; ſtance. 
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be: 


very near the Parallax” of rhe Star. For ler 


a be the Horizon, V the Vertex, VE A vert. 


cal Circle paſſing through the Sr in E, and the 


Fird Scar in D. Nes the ttue place of che Pie 
| © nemenon be S, ſo chat S E is the Parallax of A 


8 


rude, and the Difference of the Sta and che Phe! 


"77 -.. | nomenon's height, is in this caſe their viſible "1 


ſtance. Afrerwards obſerve when/the' Sar and the 
Phenomenon: comes to be equally diſtant from the 
Horizon, and then meaſure! their diſtance 2 
Inſtrument: This viſible diſtance is nearly eqn 

to their true diſtance. For let the ttue nk 0 
the Phenomenon: be 2; the Parallax 2e is very 
ſmall in compariſon of the Arch Ve: And thetes 


fore d and de will be very” near equal; for ff 
_ the Parallax e were a whole Degree, yet even 


2 


Metbod. 


Plate XX. 
Fig. So 


then ds and: de would not differ above cs Miz 
nute : Therefore the diſtance de being meaſured, 
we mall have their true diſtance d. or D$; 
which is greater than DE. And if from D'S we 
ſubſtract DE, known by the firſt Obſervation, there 
2 ere SE the Parallax, - era was to! de 


nme e THE Parallax of a Pha may Eisi 


be obtained by an Obſervation of its Azimuth and 


Altitude, — by marking the time between the 


Obſervation and its arrival at the Meridian. Let 
HVPO be the Meridian, V the Vertex, P the 
Pole, HO the Horizon, and VB a vertical Cir- 


dle paſſing thro the true and apparent place; thro' 


which draw alſo. Circles of D ation PS C, 
PE. The Arch of the Horizon BO is the Ari. 
muth of the Sar, which muſt be obſerved, in 


the manner we ſhewed in our laſt Leure. Ob⸗ 


ſerve likewiſe the Arch VE, the diftance of the 


' Phanomenon from the Vertex, and mark the Mo- 


ment of Time when theſe Obſervations are made. 


Then ftay-rill the Phenomenon or Star comes to the 


Meridian, and note the Moment of its arrival 


there, which may be either done by a Pendu- 


_ Clock, or by an Obſeryation of a Star, 1 


4 Q 1 
— 3 


* 
* 


rern N 


vil ihe diſtance of Time between the firſt Ot Tile *H4 
or ley non and the ſecond ef the Stars being in the . 7 
vert. Meridian, be converted into Degrees and Mi- A 
1d the gutes of the Equaror, and we ſhalF have the Arch 
c, which meaſures the Angle VPS. Tbere- 
Ade in the Triangle VPS we have the ſide VE nab 
Phe WM the diſtance of the Vertex from the Pole, and the - 
e "dis Aagles PVS and VS; whereby we can find 
d the de Arch VS the true diſtance of the Phænamenon 

n the from the Vertex: This being ſubſtracted from 
te obſerved diſtance VE, there will remain the | 
equal i Parallax S E, which was to be found. 

de T is here to be noted, that for to reduce the 
very Time into Degrees and Minutes of the Equator, 
nere, tat the Time muſt be firſt reduced into Hours 
or ir and Minutes of the Primum Mobile, or to the Time 
even of the Revolution of the Heavens; which Hours 
"Mi: e ſomewhar ſhorter than the Solar Hours: Or 
ured, Wl if you keep the Solar Hours, you muſt reckon for 


D'S; aach of them 15 Degrees, 2 Minures, 27 Seconds, 3 
e Wand 51 Thirds: And fo proportionabij for the gd 

here: WW reſt” of the Particles of Time. 

be MW SUPPOSE HO an Arch of the Horizon, A M A Fourth 
Ie Meridian, in which P is the Pole, and V the Metbed. 

Vertex of the place. Suppoſe E the apparent 

place of the Star ; before the Star comes to the 1 
Meridian obſerve the Arch VE. its diſtance from 2 
the Vertex, and irs Azimuth E VM: Let the true 

place of the Star be S, its Parallax is 8 E: Mark : | 
the rime 'of rhe Obſervation. Again, after the | ; 
Star has paſſed the Meridian, abſerve when it is 

exactly at the ſame diſtances from the Vertex, ſo 

that Ve may be equal to” VE: And here, ſince 

the viſible . diſtances of the Star from the Vertex 

are equal, the real diſtances will be likewiſe 

equal, i. e. VS = Vs. Take the Time berween 

lo- the firſt and ſecond Obſervation and turn it into 

de. Degrees and Minutes of the Equator, and we ſhall 

the have the Angle SP., the half of which is the 

ral Angle SPV. Therefore in the Triangle S VP we 

u- have the Angle SPV, and the Angle S VP, 

er which is the Complement of the Azimuth to two 

he Right». 


N 
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4s 

Lecture Righr+Angles ; alſo che; fide -V'P-the diſtance of .- 
XXI. the Pole and Vamex 3 from them we ſhall know 1 
VS che true Che off the Star from the Net. 
8 57 which being ſubſtracted from E. hene 

E for the Pyrallax- 
e u THESE Practices depend upon Obſe:ritin 
_ of the Azimuths 3 but wictour obſerving they 
the Parallax may be known by finding out the 
appatent and true Rigi-Aſcenſions, and fen 
them by Calculation finding the Azimuth: Fot by 
Shervin the diſtance of a Phenomenon from tus 
know hy Zan Stars, we can compure its apparent 
Righc-Aſcenſion, according. to the Method tx: 
plained in Letture XIX: Then agaim when he 
Star comes to the Meridian, by the ſame Method 
find its Right - Aſcenſion, which is the true Right, 
Aſcenſion, or che point where the Circle of De. 
clination paſſing thro the true place of the'Stut e 
cuts the Equator. Knowing then che apparent i 
* .. Ri hi- Aſcenſion of the Star in the Vertical VB, ed 
| E int of the Equator which at the ſame 5 
i 


254 


/ 
7 


time —.— we ſhall likewiſe know the Angls 

VE: Therefore in che Triangle V P E having WW 

the ſides VP, VE; * rs. VPB, ve cn 

| find the Angle P VE, which determines the Au I. 

muth. Bur having the true Right- Aſcenſton of the I th 

Star as. was obſerved in the Meridian, and the W n 

int of the Equator culminating at the firſt Ob- At 

does the diſtance between them will give us 1 

the Angle VPS. Therefore in the Triangle V PS 

having the two Angles VPS and SPV, as a  ) 

the ſide V P, we can find the fide VS the real d. V 

ſtance of the Star from the Vertex; which ſub- ſt 
ſtrated from VE leaves SE the Parallax, which 

was to be found. ra 

IN determining the Right-Aſcenfions of the W 

Stars we are nor to rely too much, in ſo nice an at 

Affair as the Parallax is, on a Pendulum Clock for 1 © 

derermining the Time ; for there the Error of one © 


Second in numbering being made, will produce an 0 
you! of Right-Aſcenſion of 15 e ü 


s 
1 
11 
4 
p 
1 
N 
1 
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% FOR to obſerye the Right · Aſcenſſon of a Star, Legen 
know) ger is ve, nel of ke os al i comes to. the NNE. | 
Vee. cidian ; but it is more eafily and cetrainly had WNW 
leaves by two Obſeryatians, one made in the Eaſter 
+ MW Quadrant, and the other in the Weſtern, ſide c 
5 the Heavens; hut both muſt be made when the 
if we take the GLITANCE ot the I hanomenan 
5 known Fixed Stars when it is in K. 1 


# - 


egion, . we ſhall by that means find its apparent 
Righe-Afcenſon, which is greater than 2 — true, 
becauſe the Parallax depreſſes a Star more Eafterly. | 
Again, when the Sar deſcends on the. Weſtern . 2 
kde, and comes to the ſame height, let its diſtance 
be likewiſe obſerved from two Fixed Sars, and 
et from them its apparent Right -Aſcenſion, which 
Ent as much leſs than the true, as the former 
exceeded it. And therefore if the Differences be- 
rween the two apparent os pr 4 1% we half. 
ed, and this half be added to the leaſt or ſub- 
ſtracted from the greateſt, we ſhall have the true 
Right-Aſcenſion or the point in the Equator, where 
it meets with the Circle of Declination paſſing „ 
thro' the Star, that is the point C. But from the Table XXI 
Time of the Obſervation we have the point of ... 
the Equator which culminated at that Moment: 
and conſequently we have the Arch E C, and the 
Angle KPC meaſured by it: Therefore in the 
Triangle VPS, having the fide VP, and the 
Angles VPS and PVS, we can find the fide 
VS the true diſtance of the Phenomenon from the 
Vertex, which ſubducted from the apparent di- 
ſtance, there willremain S E the Parallax required 
nich MW The eaſieſt and beſt way of finding the Pa- rhe Sith 
rallax of Right-Aſcenſion is by a Teleſcope, in Method, 
the MW whole Focus are four Threads croſſing one another - 
an at half Right-Angles, as we:ſhewed in our XIX b a 
for Lecture. Directing this Teleſcope to the Star Table xxl. 
one turn it conſtantly round, till its apparent diurnal Fs. 2. 
an Motion appear to be along the Thread AB; in | 
which Poſition the Thread will repreſent a Por- 
tion of the Parallel which rhe Phanomenon de- | 
Fi | icribesz | 


- o * - 
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rides and the Thread C D eurting it at Right 
4 I. Angles Will repreſent a Horary Circle. Obſerve 
I refore the Time when the Phenomenon” is ſei 
the Hotary Circle. The Teleſcope remaining thus 
fixed and unmoved, obſerye the Time when any 
other Star, whoſe Righr-Aſcenfion is known, comes 
to the ſame” Horary Circle: The diſtance of Time 
between the Appulſe of the Phenomenon to the Ho- 
% rary Citcle, and of the Fixed Star to the ſame 
Circle, being turned into Degrees and Minutes of 
the Equatot will ſhew the Difference of Right. 
Aſcenſions of rhe Star and the Phenomenon. Again, 
when the”Star comes to the Meridian obſetve it 
with the Teleſcope, and by the ſame Method find 
out its Riglit⸗-Aſcenſion, which will be the true one; 
and by it we ſhall have the point of the Equaror, 
Whiete*the Cifcle of Declination paſſing thiro* the 
true place of che Star does cut the Equator. Ha- 
ving therefore the true Right-Aſcenſion and the 
apparent, we have their Difference or the Paral- 
lax of Right-Aſcenſion: And betauſe 'we have 
the apparent Righr-Aſcenſion and the point of the 
Egquator then culminating, we have the Arrﬀ of 
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2 1 the Equatot intercepted between them, which i 
Wable XXI. the meaſure of the Angle VPE. Therefote id 

Fig. 1. the Triangle VP E we have the ſides VP. PE, 
and the Angle V. PE, whence we find the Anple 
PVE. From the Angle VPE take the Angle 

SPE the Parallax of Right-Aſcenſſon, and we ſnall 

have the Angle VPS. Laſtly, In the Triangle 

VPS, having che Angles VPS and PVS, rogethet 

with the ſide VP, we can from them find the 

fide VS, the true diſtance of the Star from the 

„ Vertex, which being ſubducted from the apparent 
diſtance, leaves the Parallax that was to be found. 

- The e- IF the Phenomenon have a proper Motion of 

. "#bod of find- its own, its Right-Aſcenſion will conſtantly be 
3 po changed by this Motion, unleſs it ſhould 1915 

| tbe Star bas to move in ſome Circle of Declination : And 
Je therefore Care muſt be taken to determine the 
. n. Change of Right-Aſcenſion that ariſes by the 
Motion of the Star; which is done by * 
* * the 
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the Right-Aſcrnſion of the Star when it is in the rg 
Meridian; and the next Day let its Right-Afcen=' "5 

flon be in the ſame 'thanner obſerved.” The Diffe- 

rence of | theſe Right: Aſcentions* will ſhew the 
Change that the Ri 9 5 on has, for the Time 
between the tog Gbfetvations: And from them 
ve can find the Chang of Right-A ſcenſion or the 


4. 


Motion of che Pha * along rhe Equator in 4 ; a 3 


Day: From Ty a urnal Motion we can find by 
proportioning te Motion for any given Time. 
For Example, Tt tlie diurnal Motion 17957 15 
the Equaror, i, 0 Min, thar is, ſuppoſe the 
nomenon advanced. N g to che Equator every 
Day 30 Minutes : And fuppoſe the Time between 
the Obſeryarion on the Faſtern ſide of the Hea- mm db) 
ven, and that in The Meridian. be 115 x Hours, he SN, 
Motion Acco di RA to the Eq uator An that, tin | 
1: Minutes; le rhe Difference of Rips ed 
oy obſerve 3 in "the Vertical and i, in Acridi: "y 

be 20 Montes, Ser en and a half of 98 Minu 
are owing to the per Motion bf” the Boe 4 


1 n 


wherefare the be of _— oh VP 


lizes lady be e ared. 11 ap 
made 1 1s found b oor ervin the MS 
nombnon from Ned Stars 1 8 0 f 
and Latitudes 147 8 And 2 5 true ae 
is had by making, the ſame ſervations whe! 
the Star is in the goth Degree of the Edlipricks 
where the apparent and rrue Longitudes coincide. . 
BX theſe and the like Methods if any Pheno» 


menon has a Parallax not leſs than one Minute ir \ 


may be found out, In the Moon we. find the. 

Parallax very conſiderable, Which in the Horizon. 

amounts to about a Degree or mort. But thers 

are ſome particular Methods only applicable to the 

Meon, by which its Parallax is knoẽwn. | 
IN an Eclipſe of the Moon obſerve when borh for Meth 

ts Horns are in the ſame vertical Circle, a * nd vine 00> ay 


then in that Moment take the Akicudes of th ON: 
| S Horns 2% . * 


— 
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ASTRONOMICAL 
| Horns: : "The, Difference of theſe two Altitudes 
De bell And added to che le aſt, or ſubſtrate 
rom the 
ttitude of t e Moon's Center: But the true Alti 
. tucde:-is f nearly equal to the Altitude of the Center, 
— . 70 the Shadow ar that time, Now we know gl 
„ i - the. Center of the Shadow, | 
8 25 , know l Þ na of the Sun 3 in the Ecliprich 
1 and iss Depreſſion under the Horizon, which, is 
5 1 the Altitude of the oppoſite point of ie 
| mh tptick,. ef 


8: 


which 1s the Center of the Shadow: 
d. idee we have the true Altitude of the 
Moon and the apparent / ltitude, whoſe difference 
is the Parallax, Which, will therefore be Known. 
Tables of * AS the ieee of t the Moon grows leſs, ac- 
* cording as 1 'recedes, from. its Apug cum, her Para 
lax_ muſt in the ſame proportion be encreaſ 


the: ' Artiſts make Tables which ſhew the borizan- 
tal Parallax 7000 every Degree of i its Anomaly. 
ethods we have given for findin the. 
| Parallaxes ſhewzthar the Moon has a great Paral;, 
_ Tax, and Þ Very near us; bur none of them, 18. 
ficient * our the Parallax of the Sun: 
or 1 3 15 all, that the Obſervations requi- 
fits cannot be made accurately enough for to de- 
rmine it; for an Error in obſerving can ſcarcely, 
be. ped, 22 which is not equal or greater than, 
, ara Ilax, This defect of Obſervations 
t.the Antient- Aſtronomer on the ſearch of other 
Mae -peculiar to the Sun for finding out its 
Par; lax : But even thoſe Merhods, though they, 
make manifeſt the Acujenels and Sagacity, of the 


ſubtle a Diſquig ition, However, they are uſeful to 
ſhew thar the gi ſtance of. the San from the Earth 

very great in compariſon of the Moon's diſtance. 
from the 24 Gy! And therefore it will not be un- 


ese. IHE fir Method was invented by Hippar- 


chor Me- chus, and has been made uſe of by ' Ptolemy and 
7 kis ken and many other Aſtronomers. It 


depends 


: 0 H "A 


conſtantly the nearer fhe comes to us. Therejore. 


Antients, yet 55 not ſufficient in ſo nice and, 


fitting to ex 1 them in this place. c 
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depends on an Oblervation of an Eelipſe of the Lecture 
Moon: And the Principles on which it is founded XXI, 
ite, Firſt, In a Lunar Eclipſe the horizontal Pa- 
allax of the Sun is equal to the difference be. 
ween the apparent Semidiameter of the Sun ane 
half rhe Angle of the Conical Shadow; which-is 
afſly made out in this manner; Let the Circle Plate xxt. 
AFG repreſent the Sun and D H E the Earth; let FBA. 3. 
DH M be the Shadow and DMC the half Angle 
of the Cone. Draw from the Center of the Sun by J 
the Righr-Line $'D touching the Earth, and the 5 0 
Angle D'S C is the apparent Semidiameter of tjũe — 
Earth ſeen from the Sun, which is equal to the 
horizontal Parallax of the Sun; the Angle ADS 
is the apparent Semidiameter of the Sun ſeen from 
the Earth: The external Angle A DS is equal to 1 4 
the two internals DMS and D'S M, by the 324 _ 
Pop. Elem. I,” And therefore the Angle DSM | 3 
t DS C is equal to the Difference of the Angles 8 3 
ADS and DMS. zh), Half the Angle of the 1 1 
Cone is equal to the difference of the horizontal! = - 
Parallax of the Moon and the apparent Semidia-" , 
meter of the Shadow, ſeen from the Earth at the 
diſtance of the Moon. For ler CDE be the Earth, Plate XXI. 
CME the Shadow, which ar the diſtance of the Fig · 4. 
Moon being cut by a Plane, the Section will be 
the Circle FLH, © whoſe Semidiamerer is FG, 
and is ſeen. from the Center of the Earth under the _ 
Angle ETG. Bur by the 32d Prop. Elem. I. the : 2 
Angle C F T is equal to the two internals F M T.: 
and FT M. Wherefore the Angle FM T is the 
liſerence of the two Angles CF T and GT: 
Bit the Angle CF T is the Angle under which the 
&midiameter:of the Earth is ſeen from the Moon, | I 
ad this is equal to the horizontal Parallax of the | .. nm 
Moon ; and __— GT F is the apparent Se-! : 
didiameter of the Shadow ſeen from the Earth's: 
nter. It is therefore evident that the half Angle. 
the Cone is equal to the difference of the hori- 
wntal Parallax of the Moon and the apparent 
mdiameter of the Shadow ſeen from the Earth. 
terefore if to the apparent Semidiameter of the 
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1-1 ++: Iikewiſe:known accurately: But none of them en 
be ſo exactly and nicely obtained as to be ſufh. 


, Hippar: great Errors in the Parallax ; and there will be z 
thod inſugi. Prodigious difference. in the diſtances of the Sun 


cient, 


4 


- Let ture Sun there be added the apparent Semidiameter gf 
XXI. the Shadow, and from the ſum yon rake away the 
horizontal Parallax of the Moon, there will remah 


the Shadow cannot be had fo. preciſely as not to 


* 1 S 
* 


the horizontal Parallax of the Sun; which there, 
fore if theſe. were accurately known, would be 


cient for determining the Parallax of he Sun ; for 
ery ſmall Errors which cannot be eaſily avoided 
meaſuring theſe Angles, will. produce ven 


when drawn from theſe Parallaxes, For . Ex 
ample, Suppoſe the horizontal Parallax. of che 
Moon to be 60, 15“, the Semidiameter of the 
Sun 16“, and the Semidiameter of the Shadow 
44. 30%; we mould conclude. from rhence that 
the Parallax of the Sun was 15, and his diſtance 
from the Barth about 13700 Semidiameters of the 
Earth. But if there be an Error committed, in 
determining the Semidiameter of the Shadow, of 
12“ in defect, (and certainly the Semidiameter of 


be liable to ſuch an Error) that is, if inſtead of 
44. 30“ we put 44“. 18“ for the apparent Diame- 
ter of the Shadow, all the others remaining as 
before, we ſhall have the Parallax of the Sun 3 
and irs diſtance from the Earth almoſt 70000.9e 
ridiamerers of the Earth, which is five Times 
more than what it was by the firſt Poſition. But 
if the fault were in exceſs, or the Diameter of th 
Shadow exceeded the true by 12“; ſo that we 
mould put it 44“. 42”, the Parallax. would ariſe 
to 27, and the diſtance of the Sun only 770 d 
the Earth's Semid iameter; which is nine times lels 
than: what it comes to by a like Error in defect 
If an Error in defect was committed of 15 
which is ſtill but a ſmall Miſtake, the Suns Pe 
tallax would be equal to nothing, and his di 
flance infinite. Wherefore ſince from ſo {mal 
Miſtakes the Parallax and diſtance of rhe wi 
vary ſo much, it is plain that the diſtance 0 
che Sun cannot be obtained by this Men 
8INN 
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therefore if this Plane ſhould 
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81 N C E therefore the Angle that the Far 
ſo ſmall, t by 


demidiameter ſubtends at the Sun is { 
it cannot be i by anh, Obſeryarion, 
* Fake N Antient 1955 reat Þ 5 


pier au 

way for fin ing 
of, zhe Moon's Os 
he Sun: This, Ang 
than | the ee 


Wd 90 0 0 


oor 1515 a led 
thro', the Moon Center, to Beg Line 15 
the Sun and Moon's. Cente 55 1 pt 
l, this Plane would divide the illumigated bz 
miſphere- of the Moon from A4. dark one; 

d likewiſe paſs hes 
the Eye of a Spectator on the Earth, the Moon 
would appear biſected or like a half Circle ; and 
2 Right Line drawn from the Earth to the C enter 
of the Moon would be in the Plane, of Illumina- 
tion, and conſequently would be... perpendicylar 
to.the Right-Line which joins: the. enters of. the 
dun and Moon. Let S be the Sun and T t F Table XXI. 
Batth, AL y a Quadrant of the Moon's Oi > * 
and let the Line S.L drawn from the Sun touc 
the Orbir of he Moon in L; the Angle TLS 
will be a Right-Angle : And therefore when the 
Moon: is ſeen in L it will appear biſected or jult 
balf a Circle. At the ſame time take the Angle 
LTS the Elongation. of the Moon from he Sun, 
and then we ſhall have the Angle LS T its Com: 
plement to a Righr-Angle. But we have the fi de 
TL, by which we can find the fide ST, the 
ditance of the Sun from the Earth. 

BUT the difficult point is to determine ex. Ariſtar- 
actly the Moment of Time when the Moon Is 77% ke 
biſected, or in its true Dichotomy; for rhere is a cient. 
conſiderable ſpace of Time borh-before and after. 
the Dichotomy; nay, even in the Quadrature, when 


Moon will ap pear : or half a Circle ; 
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a wy 
3% 


26% 'ASTRONOMECAL 
Lecture To that the exact Moment of Biſection cannot be 
XXI. known by Obſervation, as Experience tells ys: 
WYW This can be alſo made out by the following reaſpn, 
In the Lecture concerning the Phaſes. of the Moon, 
it was demonſtrared that the Diameter of the 

Earth was to the Portion of it illuſtrated by the 
Faun, and ſeen by us, as the Diameter of a Circle 
is to the Verſed Sine of the Elongation of the Moon 
from the Sun; nearly: But accurately it is as the 
Diameter of 4 Circle to the Verſed Sine of the 
exterior Angle at the Moon, of the Triangle form. 
ed by Lines joining the Centers of the Sun, Earth 
and Moon, as we ſhewed in the Lecture concem- 
ing the Phaſes of Venus. Let us ſuppoſe in the 
time of true Dichotomy or Biſection, that the Au- 
gle LS T is 15, and that the Semidiameter of 
the Lunar Orbit were 60 Semidiameters of the 
En - the diſtance of the Sun would in that Cafe 
xe 13758 of the Earth's Semidiameters. This be- 
ing ſuppoſed, ler us imagine the Moon to be in 
her Quadrature at ; that is, ler the Angle qT$ 
be a Righr-Angle, the exterior Angle of the Tri- 
angle 31 S at q would be 90˙%. 15 whoſe Verſed 
Fine is equal to the Radius and the Right Sine 
of 15 together: Therefore as the Diameter of 2 
Circle is to the Radius + Sine 15“; fo is the Di- 
ameter of the Moon to that part of it which is 
illuſtrated by the Sun, and ſeen from the Earth, P 
Wherefore taking half the Antecedents, and by 
Diviſion of Ratio, the Radius will be to the M 0 
Right Sine of 15', as is the Semidiameter of the th 
Moon to that exceſs; wherewith the illuminated 
part ſeen from the Earth is greater than half the 
Moon's Diameter. Now the Sine of 15” is 436, th 
of ſuch patts as the Radius is 100006, and the WM © 
apparent Semidiameter of the Moon is about 13“ '* 

Saͤay therefore, as 100000 is to 436, ſo is 15 toa Ml © 
fourth, which is leſs than 4“; but this is ſo ſmall th 

a Quantity, that it is not in the leaſt to be per- 

ceived by our Senſes: And therefore the Moon, le 

even in the Quadratures, has its Illumination ex- M 

peeding the biſected Illumination by ſuch a quan» I 5. 
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fry as is altogether imperceptible: But if the real 
Diebotomy or Biſectlon were in the Quadrature, 
the diſtance of the” Sun would be in Infinite ; 
for in that cafe the Angles S T'q and Sq T being 
Acht, the Lines 8 T and 8 woüld be pas 
rallel, and would not meet but at an infinite 
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diſtance. 0 A ALG 
24% SUPPOSE: the Elongation of 'the Moon 
from rhe Sun 39®, 30“: In that caſe" the exterior 


Angle at the Moon is 89%. 45, and its Lerſed Sine | 


equal to the Radius bating the Right Sine of 15% . 6 

And becauſe as the Radius is to the Verſed Sine of 

the exterior Angle, that is, to the Radius dimi- 

niſhed by the Sine of 15“; ſo is the Semidiametet 

of the Moon to that part of it which is illuſtrated 

and ſeen by us; then by Diviſion of Ratio, the 

Radius will be ro the Sine of 15“ às is the 

Moon's Semidiameter to that part whereby the 

Semidiameter of the Moon is greater than the il- 

luminated part thereof which is ſeen by us ; which 

therefore (as in che former Caſe) will be ſcarce . 

4%: Now the Moon wanting bur {6 ſmall a por 

tion to be intirely biſected, will appear to us as 

if ſhe were really biſected; ſo that its Phaſi can 

in no wiſe be diſtinguiſned from the true Phaſies 

of a Dichotomy: And therefore if this apparent 

Phaſis ſhould be taken for the true Phaſis of the 

Dichotomy, which is half a Degree diſtant from 

the Quadrarure, we ſhould find the diſtance of 

4 2 from us to be 6876 Semidiameters of the 
Art 5 4 5 „„ „ + 342 +4 . 
OBSERVATIONS inform us, that when 

the Moon is 30 Min. diſtant from the Quadra» 

tures it appears biſected; and in the Quadrature 

its Phaſis cannot be perceived to be different from 

a biſected Phaſis: Nay, the Moon obſerved with 

the beſt Teleſcopes, after it has paſt the Quadra- 

tures, appears biſected, as Reciolus himſelf acknow- 

ledges in his Almegeſt, p. 734. And therefore the 

Moon, at leaſt for the ſpace of one Hour, appears 

to be biſected, in which time any Moment may 

be taken for the true point of the Dichotomy, as 
F 1 | ell 
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„well as. A And for che infinite Nun 
ber of Moments f Time, we ſhall have an 
J nite diverſity of De of the Sun from 7 
Earth: And conſequently the true diſtance of the 
| 115 wh the Farth cannot be obtained K. be 
Metrho — 
SINCE the 8 in Wich the true i 

chotymy happens is uncertain, but it is certain 
it happens before the Quadrarure; Riceiolus takes 
that point of Lime which 1 js a, the middle, be- 
6 tween the Time that the Phaſis | begins to be 
doubtful whether it be biſected or not, and the 
Time of Quadrature: But he had done righter, 
if he had taken the middle point between the 
1 1me, when it becomes doubtful whether 11 

Aoon's fide is concave or ſtreight, and 
ime again when it is doubtful Whether it : 
ſtreight or convex ; which point of Time is after 
the Quadrature: And. if he. yy done this, be 
yon ould have found the Sun's diftance a great deal 

1gger than he has made it. 

ee T HERE. is now no need to confine this Me- 
confine this thod to the Phaſis of a Dichotomy or Biſection, for 
22 Me it can be as well perform d when the Moon has 
4 dt,; any other Phaſis bigger or leſs than a Dicbotom: 
For obſerve by a very good Teleſcope with a Mi- 
crometer the Phaſis of the Moon, that is, the pro- 
portion of the illuminated part of the Diameter 
to the whole; and at the ſame Moment of Time 
take her Elongation from the Sun: The illuſtrated 
part of the Diameter, if it be leſs than the Semi- 
diameter, is to be ſubducted from the Semidiame- 
ter; but if it be greater, the Semidiameter is to 
be ſubducted from it, and mark the reſidue: Then 
ſay, as the Femidiameter of the Moon is to the 
reſidue, ſo is the Radius to the Sine of an An- 


gle, which is therefore found: This Angle added 


to, or ſubſtracted from a Right - Angle, gives the 
exterior Angle of the Triangle at the Moon: But 
we have the Angle at the Earth, which is the 
Elongation obſerved; which therefote being ſub- 


ducted from the exterior Angle, leaves the Angle 
at 
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all the 25 fide L IT, we can find "hy XXI. 
arher ide S 
1255 But it is almoſt impoſſible to determine 
urately the Quantity of the Lunar Pheſis, ſo 
da ther may not be an Error of a few Seconds 
— 1 ted; and conſequently we cannot by chis 
Method find preciſely enough the true diſtance of 
the Sun. However, from ſuch Obſervations we 
are ſure that the Sun is above 70co Semidiameters 


of rhe Earth diſtant from us. Since therefore the The Sn 
rue diſtance of the Sun can neither be found by —— and 
Eclipſes, nor by the Phaſes of the Moon, the 4- may he de- 
fronomers are forced to have recourſe to the Paral- —_ from 
laxes of the Planers that are next to us, as Mars lar of the 


and Venus, that are ſomerimes much nearer to us“ lanets. 
than the Sun is: Their Parallaxes they endeavour 

ofind by ſome of the Methods above explained : 

And if theſe Parallaxes were known, then the Pa- 

tallax and diſtance of the Sun, which cannot di- 

rely. by any Obſervations be attained, would 

eafily be deduced from them. For from the Theo- 

ry-of the Motions of the Earth and Planets, we 

know at any time the proportion of the diſtances 1 
of the Sun and Planets from us; and the hori- | 
zontal Parallaxes are in a reciprocal, Proportion 
to theſe diſtances. Wherefore knowing the Pa- 
rallax of a Planer, we may from thence. find the 


Parallax of the Joie 
MARS, when he is an 3 poſiti ition, 2 way ag 


4 


that is, oppoſite to the Sun, is twice as near to us as wars in. 42 


the Sun is; and therefore his Parallax will be twice 4cronjcbat” 
as great. Bur Venus when fhe is in her inferior TEN 
Conjunction with the Sun, is four- times nearer 

to us than he is, and her Parallax is greater in 

the ſame proportion: Therefore, tho“ the extream 
ſmalneſs of the Sun's Parallax renders it unob- 
ſervable by our Senſes, yer the Parallaxes of Mars 

or Venus which are twice or four-times greater, 

may become ſenſible, The Aſtronomers have be- 

ſtowed much Pairs in finding out the Parallax of © 


Mars ; but of late Mars was in his Oppoſition 
ds 6 


LECTURES: "he 
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the diſtance of the Sun, from the * 
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XXI. ſequently in his neareft approach to the 


two of the moſt eminent 4ſtronomers of our Age 
Who have determined his Parallax to have been 

ſcarce 30 Seconds; from -whence we can e 
collect that the Parallax of the Sun is ſcarce 11 
Seconds, and bis diſtance about 19000 Semidi. 

ameters of the Earth. 

f The Faves BY an Obſervation of the Body of Venus favs 
2 ens paſſing over the Body of the Sun, which will 

by obſerving happen in May 1761, Dr. Haley has ſhewed 4 
bobs "af the Method of finding the Parallax and Diſtance: of 
Sun. the Sun to a great nicety, viz. within à five 
- + . hundredth part of the whole; and we muſt wait 
till then before it can be derermin'd to {0 great 

an exactneſs. | 

BECAUSE the Method whereby the Aft 
nomers foretel Eclipſes of the Sun requires that 
the Moon's Parallax both as ro Longirude and 
Latitude ſhonld be known by Calculation: And 
alſo as ofren as the Moon's place in the Heavens 
is to be obſerved, that it may be compared to the 
place found out by Aſtronomical Tables, in order 
to eftabliſh her Theory, it will be neceſſary to re- 
duce the true place found by the Tables ro her 
apparent place, which cannot be done without 
rhe Calculation of the Parillax : It will be conves 
nienr to explain the Method by which the Moon's 

. - Parallax for any point of Time is to be calculated, 
- How the FIRST, by Aſtronomical Tables eompute the 
8 17 f place of the Moon in the Ecliprick and her La- 
be found for titude, for the given Time. In the Figure ſuppoſe 
an 1. HO the Horizon, HZ O the Meridian, Z the 
en. Vertex, E C the Ecliptick, in which let L be the 
place of the Moon, found by the Tables. And 
flirſt, let us ſuppoſe the Moon to be without Lati- 
rude. From the Vertex Z ler fall upon the Eclip- 
tick the perpendicular Z u A, which will be there- 
Table XXI. fore a Circle of Latitude; And the point will 
Fig. 6. be the goth. Degree of the Ecliptick. From the 
Time given we have the Righr-Alcenſion ow 
un, 

/ 


- Lecture to the Sun, and alſo in his peribelion, and end 
9 And then he was moſt accurately obſery* d. 10 
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Sun, 5 his Equatorial [diſtance from the Meri- Lecku 
dian : From thence we ſhall find the point of the XXI. 

Fquaror culminating,” which is the Right:Aſceti- Wy 1 
fon of Mid-Heavei, or of that point of the E- 2 
dliptick which culminates : And therefore we know 

that point which is then in the Meridian, as alſo 

the Angle Z E N' of the Ecliptick and: Meridian. 

This is either found by the Calculation we ex-' 

0 in the ſpherical Doctrine, or by Tables of 

ronomy: By this means we find the Arch EL; | | 
but we have the Arch E the Declination of 5 1 
the point E, and conſequently the Arch Z E will = 
be known. Therefore in the Righr-angled Tri- 
angle Zn E, we have the fide Z E and the Angle 44 
2 En. Hence we can find En and che point u 
or the point of the 90th Degree, and the Arch | -Y 
Zn its diſtance from the Vertex; whoſe" Comple- 1 
ment A is the meaſure of the Angle that the 
Horizon and the Ecliptick make: And becauſe 
we have the place of rhe Moon we muſt have the 
Arch u L. Therefore in the Right-angled Trian- 
gle Zn L, having the fides Z u and I., we 
ſhall have from them the Angle Z Ln, which. is 
called the Parallactick Angle, as likewiſe the fide The ba- 

Z L, the diſtance of the Moon from the Vertex. 2 5 
Let the Radius be to the Sine of the Arch Z L, 8“ | 

25 the horizontal Parallax of the Moon taken from 
hi Tables to its Parallax in L, which there- 
fore is found. Let ir be o I. From o on the 
Ecliprick ler fall the Perpendicular om. And in 
the Triangle Lm (which being very ſmall, 
may be taken for a rectilinear one) we have be⸗ 
fides the Right-Angle, the fide Lo and the An- 
gle o Lm equal to Z Ln; wherefore we ſhall 
find out the Arch Lm the Parallax of Longitude, 
and o m the Parallax of. Latitude, which were to 
be found. 

SUPPOSE now the Moon has- fore Lati⸗ 
rude, and its place in the Ecliptick be the point 
L. bur let it be placed in the Circle of Latitude 
LP at P. And becauſe the Angle LP is right, 
Nn we 225 the * nLZ and its Compie- 
mee 


bs ASTRONOMICAL. 
4 "Lecture ment Z LP; In the Triangle Z LP we hare 
l. two fides, Z L. which was found before, and 1 
Wy \ the Moon's, Latitude, and the Angle Z L, 
whereby we can find out the, ſide 2 P, and ie 
Angle Z PL. Let the Radius be to the Sing 

of the Arch Z P, as the horizontal Parallax of 

the Moon to a fourth, which will be P 7: This 
Will be the Parallax of the Moon in the Circ of 
Altitude. Let 4.4 be an Arch parallel to the E. 
cliprick ; and in the ſmall Triangle P 4 4, which 
may be taken as a Right-angled Triangle, we 
have the Angle dP 9, which is the Complement of 
the Angle Z L to two Right-Angles, and the fide 
Pq: Therefore we ſhall have PA the Parallax 
of Latitude, and qd the Parallax of Longitude: 
For becauſe the Latitude of the Moon is but ſmall, 
the Arch of the Parallel 49 is nearly equal to 
che Arch of the Ecliptick which is correſpondent 
to ir. 4 | : {41 | Fs. 's © kv +4 
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LECTURE XXIL 


The | Theory of the Annual Motion of | the 
%% „ 


A IT HERTO we have given an Ac- 
. H count of the general Affections of the 
4 


1 ve **3% Planets Motions, and have explained 
| E344 the Appearances which ariſe from their 
pO: Motions and the Motions of the Earth 
together. We will now come to their particular 
Theories, in which the Period of each, its Di. 
ſtance from the Sun, the Form of its Orbit, and 
its Poſition are determined; which being once 
ET oe et known, 
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town, the Place of any Planet in the Zodicck, Legs 
may be compured for any, given Time, And be- XXII. 
aule the Theories of the Planers are founded on- 
the Motion of the Earth, and are inveſtigated by 
this Motion, it will be neceflary to begin with 
the Theory of the Eartn. 

IN our VII h Lecture we ſhewed how the 
yon of the Earth e the ou Na the an 3 
of the Appearance of the annual Motion of the, 
dun in the Ecliptick; and hs the Sun obſeryed — 4 Ae: 
from: the Earth ſeemed to deſcribe the ſame Cir- by «b/erving 
cle in the Heavens, that a SpeQator in the Sun of the 50 
would ſee the Earth really to move in. But the 


place of the Earth ſeen out of the Sun is always 
diametrically oppoſite to that point of the Eelip - 1 
tick in which we on the Earth obſerve the Sun 

to be placed: And therefore when the Sun a- 
pears to us in V, the Earth is really in = when ne - il 


is in , the Earth has its Manſion in M. And there: 
fore from the apparent place of the Sun, whick 
we find out by Obſervation, we can eaſily deter- 
mine the place of the Earth in its proper Orbit. 

SINCE. the Ecliptick cuts the Equator in 
tro oppoſite Points, the Sun will twice every 
Year appear in the Equator or Equinoctial Circle, The Sun 
which happens when by his apparent Motion he r i 
arrives at the Interſections of theſe two Circles: Equinodial 
All the reſt of the Year he will ſeem. to decline ncle. 
either to the North or South from the Equator; 
and he is at his fartheſt diſtance from the Equator 
when he is juſt in the middle between the two 
Sections, that is, 90 Degrees removed from either, | 
and there the Sun does nor ſeem to alter his De- | bw. 
elination for ſome time; and then the Days kee 
the ſame length: And therefore theſe points Which 
are the firſt of & and wp are called the Salſtitial 
Points, as the Interſection of the Equator ane 3 
Eeliptick are called the Equinoctial Points, becauſe 
when the Sun is ſeen in them the Days and © | 
Ä ; ; 
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SINCE 
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_LeQure , SINCE the Sun is ſeen continually moving 
XXII. in rhe-Eclipritk, and every Day ſeems to advance 
a Degree Eaftward, he makes no ſtay in the E 
Juinoctial Points; bur in paffing on, in the fame 
Moment he arrives there he leaves them: And 
therefore tho the Day the Sun enters the Equi 
noctial point is called the Equinox, becauſe it i; 
reputed equal to the Night; yet it is not pte. 

«nz 4; Cilely ſo, unleſs the Sun enters the Equator at 
Mid-Day. For if the riſing Sun ſhould. enter the 
Vernal Equinox, at ſetting he will have departed 
from it, and decline Northwards about the ſpace 
of 12˙3 and therefore that Day will be ſome what 
longer than 12 Hours, and the Night ſhorter; but 
the Difference is ſo ſmall that it may be ne⸗ 


| Sai. A 


glected in this matter. 


The Inve- T H E moment of Time in which the Sun en- 
nator is found out by Obſervation; 


Alete,“ ters the Equator is found our by 
entring the and from the Latitude of the place of the Obſer- 
Eauator. ver. For in the Equinoctial Day or near it, with 
a4Aldan laſtrument exactly divided into Degrees, Mi- 

nutes and parts of Minutes, take the Meridian 


Altitude of the Sun: If it be equal to the Altitude 


of the Equator, or to the Complement of the La- 

titude, the Sun is in that very Moment in the 

E Equator ; but if it is not equal rake the Diffe- 
+, +." rence and mark it, for it will be the Declination 
of the Sun. Then the next Day again obſerve 


the Meridian Altitude of the Sun, and gather 


from thence his Declination. If theſe two Decli- 
nations be of different kinds, as the one South 
and the other North, the Equinox happens 
ſome time between the two Obſervations, or if 
they be both of the ſame ſort, the Sun has either 
not entered the Equinoctial, or has paſt it. And 
from theſe two Obſervations of the Sun's Decli- 
nation the Moment of the Equinox is thus tnye- 
ftigared, VV 
LET CAB be a portion of the Ecliptick, 
E AQ an Arch of the Equator, and Jer their In- 


TableXXIT. 
Fig. 1. 


terſection be in A. Let C X be the Declination of 


the Sun ar the time of the firſt Obſeryarion, = 
CL py ä 


tis De 
arch. | 
Fclipti 


A p * N I. 
ITE, % 


ar , — 


LRG RE. 1 gd 
tis Declination , in the ſecond Obſervation, the Lecture 
ich CE will be the Motion of the Sun in the XXII. 
Fcliprick for one Day. In the ſpherical Triangle 
LEC Right-angled at , we have the Angle K 
which che Equator and the Ecliptick make, whick 
ve ſhewed how to find our in Ledture XIX; as 
lo. CA n of the Sun known by 
Obſervation, by which we ſhall find the Arch 
C3. And in the ſame manner in the Triangle 
ED the fide A E is found, and thence the Arch 
CE, which is the; Sum or Difference of the Ar- 
hes CA, AE. Say chen as C E is to C A, ſo 
$24 Hours to the time between the firſt Qbſerva- 
ion and the Moment of the Ingreſs of the Sun to 
the Equinox. | Sp, ROS OE Hy 
IF again 1 9 the time of the Sun's . The quan- 
Entry in che Equator be obſerved in the ſame ih 
nanner, the Time elapſed between the two In- Ter. 
gels is che ſpace of a Tropical Near, or the 
Tme wherein the Sun or rather the Earth com- | 
pleats its Courſe in the Ecliptick; which is called 
the Tropical Near, becauſe after it is finiſhed, all 
the Seaſons return again in the ſame Order. 
Fur by Obſeryarions that are made at the diſtance 
of. 2; Year, we. cannot ' ſafely rely upon the true 
quantity of the Year collected from them; for a 
jul Error of one Minute being conſtantly en- 

aled and multiplied, by the Number of Years, 
u proceſs of Time would amount to a prodi- 
pious miſtake in the place of the Sun. Therefore 
the Aſtronomers more accurately determine the 
quantiry of the Vear, by taking the Obſervations 
of rwo Equinocties at many Years diſtance | from 
due another, and dividing the Time between the 
Obſervations, by the number of Revolutions the 
dun bas made; the Quotient will ſhew the time 
of one Revolution, or nearly the Period of the 
Zath. in her Orbit. For by this means, if there 

any miſtake made in the Obſervation, it will 

divided into ſo many parts, according to rhe 
tumber of Years, that it will be inſenſible for the 
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Lecturd T HE ſpace of Time belonging to the Thie 
XXII. Near is by this means found to conſiſt of 36 
bas, Houte 4s Minutes and 57 Setz 
The Abo- This Time is ſomewhar leſs than the Periodical 
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maliſtical 


| ſon of the Præceſſion of the Equinocies, 


ical Trar is 365 Days, 6 Hours, 9 Minuig 
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"34 1. I F the Motion of the Earth round the Sun were 
non of th 
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Ecliptick 


which the Points of Interſection do conftantlyyn 
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this ee e e "Fog" Bee i 

In def che Preccthon' of the, hich 
was explained by us in the VIII LeBure, by 
ry Year move back 30 Seconds, and as it Wet 
meet the Sun; the Sun will arriye at they. 
terſection before he has compleared his Courſe 
Now rhe Time of the Earth's Period or  Anomali 


and 14 Seconds. 


equal, that is, if it deſcribed equal Angles unt 
the Sun in equal times, the apparegt otioh of 
the Sun in the Ecliprick would always be equal 
and would proceed each Day in the Felipeick 
59". 8”. : And therefore the place of the Sun would 
eaſily be computed for any Time. But We; att 
ſure by Obſervation that the apparent Motion 
the Sun is not equal, and that he goes thro ſomt 
parts of the Ecliptick quicker than rhro' orhers; 
and particularly in going thro the Northern % 


micircle of the Ecliptick, he ſpends near cighr Haff 
more than in paſſing over the Soutrhert Fe. 


micircle, which ought to be performed preciſely 
in the ſame time, if the apparent Motion of the 
Sun were equal. Moreover, if we make Obſet- 
vations, and from them find” out rhe Morion 
of the Sun in the Ecliptick for each Day; it 
ſome Days he will be found ro move thro”. the 
ſpace of 61 Minutes in a Day; at other times hs 


Will ſcarcely be ſeen to have compleated 37 Mt 


Hüres 


THE daily Motion of the Sun in the Fell 


rick is obſerved in this manner. Let CB repre: 


ſent the Ecliprick, Q the Equator, whoſe com- 
mon Interſection is in A: Take with an Inſtrument 


the Meridian Altitude of the Sun; the Altirude® 
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Then difference of tcheſe two 


ion of the Sun, Which will 
hefefore be known, Let G be che place of the. 


1 i 11 . 1 
babe Right-angled:Tfiangle G EA, having: the 

lech G and the Angle A, we ſuall ſihd che Arch! 
40 abe diſtanceſ of che Sun from the: Equinectial 
| ; and Place in the clip 
uke ar the time : dfathe Obhſervarion, The hex: 
Day/agdin- obferveirhe Meridian Altitude af the 
Sun; and find from-thence is Dechination, which 
ſuppoſe, ta be M Lenfram wich and the Angle 
Ly the ſame Methad, we Mall find aut ache: 
Ach MA; from which. ſubſtract the Arch AG. 


zun in the Ecliptick, aud F G -his 


paint, or his Longitude 


adve;thall havelthe kt ch G M; which is 
tio bylthe Sun in one Day. The: Bi 
luis Arch is mutablt, according to the; p 
Berth has in its Orbir !? 


L 


Kr * - 
TY 2111 i411 2 HY ORT 


[IHE Antient ,zffronomers,, who: 


4nd 


Votons in the Heavens but what were circular 


d equal, thati they 
tis apparent Inequ 
inagined char the Sun moved round the Burt br | 
the-Eorthi round the Sun ( for it is the ſame thing, ances". 


might give an acount of tients 
nequaliry of the Suns Motion, 
the — 


vhick we ſuppoſe to move or ſtand ſtill) in al 
drcalari Orbit, but Rtcentrical; that is, whoſe 
Center vas at ſome diſtance from the Cengex of 


the Ecliptick, in which they placed either the 
the Earth; and this circular, Otbit they 


ſup-, 


poſed. was deſeribdeby an equal Motion And. 
therefore; becauſe the Center of the Ecliptick was: 
af Mo- 


#:bme diftance from the Center of qu 
ton, the: Motion of either the Sun 
om the Center of the Ecliprick would 


b ſeen. 


17 
appear 
* 


mequal. } 11. 091% © 
diprick;) in ' whoſe Center is a 
the-Orbic of the Bareh whoſe Center is C, diſta 


ita} (LL ERR} 14 213 8 | 
M | repreſent che Ne 
the Sun, M P'N A; 6-2 


ne, 


ſtom the Center of the Ecliprick by the Line C5 "FE 
ſuppo d 


vhich is called the Eccentricity. They 


to ane ucle wich an 


equal 
Motion, 
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u ASTRONUMICAT. 

| Locbbre Motion :/ Aud therefore all the Angles: defer! 

bed round the point C e 
144 


GAIL Times,” and the Earth ſeen” 
Fs appear to move ſlower in A chan in P; but 


would not 
viewed from the Center of the Ecliptick, be/ 
cauſe at A it is farther diſtant than in E, it would! 
pear. to deſcribe leſs Arches in equal times: 
2 the Bartho is in A; and 
Spectator init, obſerving the Sun in , will ful 
that he moves ſlower than when the Barth is in, 
and the Sun is ſeen in . And becauſe rherArch 
of the Cirele M A N is greater chan à Semicird 
cle, and N P.M les than one it is evident that 
there is more Time required td deſcribe the Arch 
NAM than Nr M: But in the time the Eunb 
i cartied this? the Periphery N A M, the Sun 
{tems to deſenbe the Northern Semicitele of the 


— and 
— Points, viz. the Vernal and Aurumnal, as alſo the 


Apſides 
— — Supe place -of the f Sun in ; the Ecliptick in any | other 


tion. 


intermediate Lime; which ſuppoſe to be in &, the 
Earth being really in . When the Earth is in 
the point of its Orbit N, the Sun is ſeen in the 
point V; chen the Earth coming to L, the Sun 

ppears in WM; and when it has arrived in M the 
Sun will be obſerved in . Draw to the place 
of the Earth in L the right Lines SL, CL. Let 


+” "Hkewile CM, MN and C N. be joined; and 


let CM and SL cur one another in O. 5 
Obſervations of the Places of the Sun we hare 
the Angle Y S , as likewiſe its Complement to 
two Right-Angles e S V. Alſo by the diſtance 
„ A 


— 
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ms ao | * 4 > *. A, 4 "# 2 
* 4 . * q %* . b N . \ o 


de Arch L Mor She Angle L CM. as alſo the 177 2 > 
Arch NAM, theſe, being;,proportional, ro the AA ,'Þ 
Dimes: Therefore we have hikewile! rhe Af = 
MP'N arid_the Avgle MCN. ala the Iſoſceles 
Triangle MC N, having the; Angle: MC N, we 

have hkewiſe che wo Angles at the Baſe M and 

N: But ins the Triangle MO, Sve have the gar 


gle MS Or and the Angle M Therefore we have 
nd alſo the Abgle MOS and I. O S hich is verti- 
in cal and equal to it? Suppòſe L. the Radius of 
Arch the Eccentrick xa conſiſt of 100089: equal parts, 2 
neue then in che Triangle LO C, having all che Angles 
mae and the fide-1: One can find: rhe fide: O C. But 
Ard ve Know MC which is equal to LC: There, 
ar i fore we have O. Ia the Triangle MOS we 
un have. all the Angles and one fide; MO, and there 
f che wre we hal have OS. Laftly; In the Trian- 
the it ge SOC haring SO and O, and the Angle 
OC. which: is the Complement! of: the Angle | 
ben SO M to two Right-Apgles, we ſhall find & © , 
09 Eccentricity; and the Angle OS © ; t9:which add 
hem I the Angle M $.0;:and we {hall baye the Abple 
us A or the Arch V.; which ſhews the Poſe 7 
an- tion of the Aphelion or its diſtance from the: Equi: x 
WY netial point xx. A '2lga&' 5; aan: ©. 
ine f B this Method the Ancients; found the Bes 
l cenciciry to be 3430 of. ſuch parts as the Radius 
vibe of the Eccentriek was 1000009. from which they 
ther I eafily calculated the Motion and place of the Sun 
„the for any given Time, in the manner following. Ia 
6-11 the Orbit of the Earth let A be the Line of this 
ide Apfides,. and ſuppoſe the Earth at L. deſeribing 
un i its circular Orbit; the Arch AL or the Angle 
acde A C L proportional to the time will be the Earth a 
lace mean-Ananaly, as the Arch of the Ecliptick 
Jer or the Angle y S er is the true Anomaly. Ha of 
and i now the mean Anomaly we have its Sine LI M, qr 
BYY and its Co- ſine CQ, to which add the known | 4 
fare Eccentricity, and we ſhall have 8 Q: Say ad 8 
t to is to L Q, ſo is the Radius to the Tangentlof an 
ance W Angle, which is QS L; which therefore will. he 
dane korn. Or Thus, In Feen, 4.4 
+ 1-4 a ä EF 1p - ' the ; 


o the! 
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[8 Lecture the ſides S C and C L, and the Angle-S C Ee tic 
1 XXII. Cemplement of the mean Anomaly to two Righn W ry 
J WV Agles: Therefore we can find the Angle LSC . 
1 | or LS A the ttue Anomaly ; for as CL - OS: or 
CL.— CS:: Tangent of half the Angle LCA IT 
= to a fourth, which will be the Tangent of half W m 
ll! | the difference of the Angles C'S Land CLS. 5 
1 ſtant Quantities, the Difference of the Logarithm WW B. 
il of CL C'S and EL — CS will be:a'conftans MW th 
1 Quantity ; and if ir be always ſubſtracted from i th 

* the Log. Tangent of half the Angle LCA, we ſhall W i 
have the Log. Tangent of half the Difference MW is 


| pf tlie Angles CLS and CSL: But we have of 

1 | their Sum, and conſequently the Angle LS A will WW tr 
be known; Which ſnhews the place of the Earth MW n 

in the Ecliptick ſeen from the Sun, and the point th 

oppoſite is the «place of the Sun ſeen from the I ſes 

Earth, In the firſt half Circle of Anomaly AL, IJ los 

| the mean Anomaly ACL is greater than the I be: 

true Anomaly AS L. For the external Angle MW Su 

ACL is greater chan the internal and oppotire on 

ASL And if from the mean Anomaly ACL II noi 

you take away the Angle CLS, there will re- tio 

main the Angle LS C the true Anomaly. In ter 

the ſecond Semicircle of Anomaly, the mean Ano- fin 

; my is leſs than the true. For ſuppoſe the Earth WW as 

u R, the mean Anomaly: is the Arch APR, or of 

caſting away the Semicircle the Arch P R, or the WW for 

Angle PCR: Bur the true Anomaly rejecting MW m 

the Semicircle is PSR, which is equal to PCR 

and C RS. Therefore, if to the Mean Anomaly ib 

we add the Angle CRS we ſhall have the true bu 
Anomaly P S R, and the place of the Earth in in 

the Ecliptick. The Angle CLS or C Rs is called the 

the Bauation or Profthaphzrefis, becauſe ſometimes i Ea 

it is to be added, ſometimes to be ſubfiracted poi 

from the mean Motion, that we may have the the 

true Motion or place of the Earth.  ' + 

THIS Theory of the Antients anſwered well M. 
enough to the apparent Motions of the Sun, g 

was founded on Obſervations thar were nor 

55 _ ver 
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of the 
Antients is 


t 
in the Perigæon as 1953 is to 1889, or 25 10166 
is to 98339 ; ſo that the Eccentricity is but 1668 
of ſuch parts, 'whereof the Radius of the Eccen- 
trick is 100000; The Theory of the Antien 
28 the Eccentricity above double of this. An. 
therefore that Theory muſt be falſe, which ſuppoe 
ſes ſo great an Eccentricity: For if we, ſhould 17 
low but one half for the Eccentticity, that Would 
better anſwer to the apparent Djamerers of the 
Sun, when they are nicely obſerved But then 
on the other hand, ſo ſmall an Eccentficity would, 
not account for the Inequalities of the Sun's Me- 1 
tion, making the Center of the Eccentrick the Cen z > «., 
ter of the middle Motion: For by computing, WWW? 
find the Equations or Proſthaphereſes twice as grea 
as what they would amount to with, half on! 
of the Eccentricity of the Antients. And there: 
fore it is plain thar this Theory of the Anrients 
7 TH 7 6 Herr off N by * faced x 
© THE ſagacious Kepler obſerving this, ſhewed | Kepler | 
thar the oo — indeed 85 be biſected; of i, "” 
but ſo, that the Center of the Eccenrrick was 
in D, in the middle point between the Sun and 
the point C; from which C, if the Motion of the 
Earth were viewed, it would appear equal. This 
point C, which was diſtant from the Center o 
the 3 by half the Eccentricity of the 
Antients, was called the Center of the middle 
Motion, becauſe from ir the Motion of the Eart 
Rs Pits 
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Fo ASTROWOMICAL. 

ak Would alwdys beſctn in a mean Motion, beriy 
III. its quick and now progreſs in the Ecliptick.” © 
18 71 S ede, Copernicus and many other Ah. 
„ ert thought it abſurd to ſüppoſe the "Earth 
e 4x Fatried in 4 Circle whoſe Center was nor the" 
enter of che equal Motion; for then the Earth; 
5 R Green. N HL 2 [i | 
orion *mbſt;"tior only be in Appearance, but 
ally. in it el? . and it fome parts of the 


jeriphery f is Orbit it would 'move faſter, in 
erer Loher, Wnetary co cheir eftabliſh'd Maxim 
of having all the Motions perfe@tly uniform. 
Kepler, B UT. 2 ler, When he had demonſtrated that 
Hb os and the orher Planers were not Carried 
n. round the Sun in circular, but in Elliptical Or- 
Bits; and that the Sun was it one of the Fact 

bf thoſe Ellipſes; and that the Planets in movin 

dund him did ſo regulate their Motions, that”: 

Line or Ray drawn from the Sun to the Plz- 
net did ſweep an Eliptick Area or ſpace always 

/ proportional to the Time the Planer moved. He 
9 18 it but reaſonable to ſuppoſe the Earth in 

türning round rhe Sun ſhould obſerve the ſame 

Law, and be carried likewiſe in an Elliptick Or- 

It, This Theory anſwers exactly to all Appear- 

There are ances ;* but it follows from it that there are no 

no Centers Centers of equal or middle Motion from which 

of middle "4 V's F Fir 17 74 NN | 

| Hotion, the Planets ean be ſeen ro deſcribe Angles propor- 
tional to the Times. And therefore many Aſtre- 

nomers" ſtill adhering to the Opinion that there 

were Centers of equal Motion, rejected this The- 

ory of Kepler s; but for all that they retained the 

„ Elliprick Form of the Planetary Orbits. And be- 

- Cauſe in the Axis of an Ellipſe there are two 
points equally diſtant from the Center, which are 
| Called the Foci, in one of which they, with ,Kep- 
=_ / 705 placed the Sun 3 the other, which was diſtant 
=_ _. from the Sun the double of the Eccentricity, 
they imagined to be the Center of equal Motion, 
and round it they. ſuppos'd the Planets ro de- 
ſcribe Angles proportional ro the Times; which 
indeed in Ellipſes, that are not very Eccentrical, 
if Hegriy true, as Kepler himſelf acknowled 170 
BB b "4 Pr Tr 
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* 
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Wh: 
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ud we ſhall hereafter demonſtrare, This Hypo- Ine 
theſis they liked the better, becauſe there — = XXII. 1 
lire or Geometrical 'Method: in the Theory of PAYS. 
Kepler, to find out the true Anomaly from the 

Mean, which by the other Theory they could ea- 

fly find. Upon the account of this deficiency 

of Method, many Aſtronomers objected ro Kepler repler's 
tyourpncjay, or want of Geometm in his Theory ; Theory e. 
and rejecting it, went upon other Hypothe — 
which did not ſo well agree with the true Laws 

of Nature; and they feigned, that in each Or: 

bit there was a certain point for the Center of 

equal Motion, round which the Planets deſcribed 

*. angles proportional to the Times: Bur ſince the 


vc) Wl Theory of Kepler is that which does really obtain, 

Fi and only has place in Nature; and all Obſer⸗ 

5 vations declare that the Planets do really regu; l 
. le their Motions by its Laws; it is not to be ä 

wy rejected upon the account of a want in Geometry, 

je nor is the fault to be layed upon the Theory 

in which is rather to be imputed to the unskilfulnels 


ne of the Aſtronomers in Geometry: We therefore, that | | 
. ve may remove this blemiſh of want of 288 1 
for the future, in the following Lecture will ſhe\ | 


io direct Merhod of finding the true Anomaly of 

h If # Planer from its mean Anomaly given 

1. 2 5 a 58 114 3 i 1231114 4 * E ; 9 3 | 
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Of the Motion of a Plant in an E life, 


And the. Solution of Kepler's Problen 
| about tbe cutting of the Elliptick Ates, 


H E Great Kepler was the firſt who 

438 demonſtrated that the Planetz did 
not move in circular Orbits, but 
that they were carried round the 
Sun in Elliptical ones, all which had 
dne common Focus, in which the Sun 
reſided: And that the Planets in their Motions 
conſtantly obſerved a certain Law, viz. that 4 

Ray or Line reaching from the Sun to the Planer 

did ſweep Elliptical Spaces that were proportional 

_ 0 ne TR nn n 

By Kep- THIS admirable and Divine Invention of 
N the ſagacious Kepler was owing to the exact Ob- 
Newton ſervations of Tycho Brabe; and is ſo much more 
found out to be valued, for that by the help of it, the moſt 
—_— incomparable Philoſopher Sir Iſaac Newton diſco- 
the Planets vered the Univerſal Laws of Motion, the Syſtem 
Motions. of the Univerſe; and the whole Body of the Ce- 
leftial Philaſophę, which was intirely unknown 

The pro- before. Kepler: alſo demonſtrated, from Obſerya- 
portion of tions of the Motions, that in all the Planets their 
ee periodical Times were in a ſeſquiplicate proportion 
Haase to of their mean diſtances. from the Sun, or of the 
tbeir Di- greater Axes of the Ellipſes, which are equal to 
— pt twice the mean diftances ; that is, the Squares of 
& Kepler. the periodical Times are conſtantly as the Cubes 
"> of the greater Axes: And therefore if in my dif- 
6p ; "Pp ereny 


— - 


11.34 K&7/ UAE; 1, hs 

ferent Ellipſes the greater Axes - be. called A,, LeQure 
their, periodical. Times I. and e; then we ſhall XXIII. 
have th: Analogy. A? ,; A3 , and T: :. WY 


1 #3 Ban Ir $74 | 1 
' 2 * » 4 a A 


"HEN C'F'it fes that in different Ellipſes; |" 
the Area's deſcribed by two Planets in the fame 
Time, are in ſubduplicate Proportion of the Pa= 
"I rameters or Latera ret of the Ellipſes, which ! 
dus prove. It is known from the Property of * 
the Ellipſe that its Area is as the Rectangle un- _ 
der the two Axes of it; that is, if the two Axes 
of the greater Ellipſe be called A and M, and obs 
the two Axes of the fmaller Ellipſe be called 4 
aud m; the Area of the greater Ellipſe will be 
* to the Area of the leſſer as A* M is to ax n. 
And therefore when we are ſpeaking of the Pro- 
— portion of the Area's, we may put theſe Rectan- 
les inſtead of the Area's. In the greater Ellipſe Tre ger 


rt 14% 8 6 
Lo „ 711 SYS o 


” deſeribed in 


oy call the Area deſcribed in a given Time X, the tte me 
5 Area deſcribed in the lefler Ellipſe in the ſame 7ime pro- 
= time x, and the Time given in which they are 1 
on deſeribed y; the Latera retta of the Ellipſes call reaa of the 
I and /, the periodical Times T and t. From EAlipſes. 
the Theory above explained it follows that 
X: A&R M:: 5: T, alſo that à * m: 2 2t: 
oe And therefore: by Equality of proportion, twill 


229 1 2. 3 3 2 5 
b. be XX Am: XM AX M ::: T:: ar: A Bur 
re fince the leſſer Axis is a mean proportional between 
oſt W the greater Axis and the Latus rettum, M will 
be = Ar x L, and m 4 [* : And therefore 
f "Ls 3 1 3 T 31 | — 
Xx: x Ar LT: 4: A. And there 
a- | fore X x I: * Xx L:: 1:1; that is in propor- 
ar tion of Equality: And therefore X: æ:: LY: A. : 
MN And therefore in different Ellipſes, the Area's de. 
e ſcribed in the ſame time are as the ſquare Roots 
i” of their Latera rea. | | K 4 
ot . SINCE therefore the Law by which the 
5 Planers regulate their Motions is the equal or 
e Deſeripion of the Area's, ic is impatdle 
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 procal totbe And in the Feen they have the ſloweſt, ia the 


tem to de- 
| + Fg S. Let C be the Center of the Elipſe, C B half te But 


Beckurs that the Planets ean every where move with the 


2744 Peri belion 
Ee. 


they are the Area's that the carrying Ray de- 
ſcribes S ler falla Y 
S fo and the — 


Eerning the Zlliptick Motion. * 
T HEORENM I. 


4 Theo. LET APB be the Bliptick Orbit, in which Wy 
ſuppoſe a Planet to move round the Sun in the Focus 


f the Velo- greater Axis, C D half the leſſer, and F the other 
s Focus. The Planet being in P, draw the Right 


1 


Table xv. Lines S P, FP; then the Velocity ef the Planet in il ſma 
' Fig. 7. P, will be to the Velocity in its mean diſtance S D, ¶ rec 
| in 4 ſubduplicate proportion of its diſtance FP from I Rar 
the Focus F, to its diſtance $ P from the Focus S. Ar. 

Let the Right Line EP G touch the Ellipſe in the 

P, and from each of the Foci e fY 


Tit? 


0 ' \ 9 y 
4 1 
A. 0 7 


ſeociry in P is, # we have ſhewed td che Ve- 
wary in D, as SH is to S E: And therefore the 
Gqtare of rhe Velocity in P is to the Square of 
the Velocity in D, as S H Square or CD Square 
v 8 E Square; that is, by the Nate of be 
Hlipſe (becauſe CD Square is equal to & EX FG) 
$$ExFG1s to SE Square, or. as FG to S E. 
dut becauſe of the equiangular Triangles F G is 
SE as FP ist SP: Wherefore the Square 
of the Velocity in P is to the Square of the Ve- 
loctty in D as FD is to SP : And conſequently 
te Velociry in P is ro the Velocity in D as 
Fb is to „8 P, which was to be demonſtrated. 
* THAN OR EM K ··˙· ROB 
THE Radius is to the Sine of the Angle 
SPE as VSP x FP to CD. For SP Square is to 
MX FP: SP:2FP:>SE FG :: SK 10natet . win 
SEXFG :: SE ſquare : C D ſquare, | And by Al. 
eration of Proportion S ſquare: S E ſquare :*. ; 
SP X FP:'C Dfquare: And therefore SP: SE:: 


Fp FP: CD: Bur SP:SE :: Radius is to 
the Sine of the Angle SPE. Therefore as the 
Radius is to the Sine of the Angle SPE, ſo is 


8 EX FP to CD, which was to be demon- 
rated, | 5 

WE have already ſhewed the Proportion by The angu- 
which the abſolute Velocity increaſes or decreaſes 2 4 . , 
Bur we have another Theorem for determining the is as the 
angular Velocity, or the Angle which a Planer 2 
ſeen from the Sun will appear to deſcribe in 3 
{mall Particle of wes For it is every where catly. 
reciprocally in a duplicate proportion of. the di- u., 
ſtance from rhe Sun g Sick I chus demonſtrate. 2 2 
Arthe Center S, at the diſtances S B, S deſcribe | 
the ſmall Arches B E, b e, where, A B, 4 b are the 
(mall Elliptick Arches deſcribed in equal 1 


by 


w 
* — 
# 
- * 


3 HPW PORME > © ad 
l the Perpendiculars SE, F G3) zu let S H Pate > 
e a Perpendicufaf on the n DH Tbe XXL, 


4 of 1 fl Lt 
a ae EE T7 
* N Ld 
. 
For 


284 ASTRONOMICAL 
Zecture In 8 B rake, S equal to 8 i, and draw the maj 


XXIII. Arch mn: And. the ang K Velocity in h is lll 
ke angular, Velocity in B as the Arch be iz Ms 
the Arch mn; But the proportion of, b 6; rg ee 
is compounded of the proportion of e e pla 
and of B E to m n. And becauſe the Triange d d 
BSA and bSa are equal, be will be to BY 
S B is to 8: And becauſe the Arches BE A de! 
n are ſimilar, B E is to mn likewiſe as 8g CD 
S m or as S ; to Sb: Wherefore the proportion ufs 

be ro mn is compounded of the proportion dd 

S B to $4, and again of SB ro $6; that is, the 

angular Velocity at b is to the angular Velaei 
at B as the ſquare of S B is to the ſquare of Sl 
that is reciprocally as the ſquares of the Dj 
ei mere d rhe HM 
, The angu- or to explain more clearly the Inequa: 
* "—_ liry of the Planets Motions, and the vacinl 
compared creaſe and Decreaſe of their angular Velocities, 
with Kia. it will be requiſite to compare their Morions in 
of a body different points of their Orbit, with an equal and 
moving in a uniform Motion of a body moving in a-- Circle; 
ele. Let therefore the Ellipſe AE BF be the Orbit of 
3 XXII. 4 Planet in whoſe Focw is the Sun S. its greatet 
8. 4. Axis A B and leſſer O Q, At the Center S and Wwe 
8 diſtance S E, which is a mean proportional be- nicir 
tween AK and OK the two ſemiaxes, deſcribe ¶ bur 
the Circle C EG F. The Area of this Circle will MS, ir 
= be equal to the Area of the Ellipſe, as it is eafily befor 
. to be demonſtrated from the Nature of the E. ¶ Moti 
luͤupſe: And let us ſuppoſe a point to move with Hu r 
an uniform or equal Motion thro the Periphery Nes 
CE F, in the ſame time that the Planet de- Nan 
ſcribes the Ellipſe: And when the Planet is in is Kea 
Aphelion A, let the circulating point be in C, in {GB 
the Line of the Apſides, The Motion of this I Ang 
point will repreſent the equal or middle Motion IGB 
of the Planet, and the point will deſcribe round I that 
S Area's or Sectors of Circles which are propot - liple 
tional to the Times, and equal to the Elliptick I Mar 
| Area's the Planet at the ſame time deſcribes. Let If 
„„ Bow the equal Motion or the Angle round 8 pro- I 91 
. * 2 T + Wh Week portional crea 


Aianal to the Time be CS M and take the Leckurd 
2 22 equal to the Sector CSM, and then XXIII 
e place of the Planet in its own Orbit will be P, 
angle [the Angle MSD, the difference bettocen che 
ie Motion of the Planer and its mean Motion, 
ide Equation or Proſthaphereſis > And the Area 
CDP 8 2 rv —— — 2 
vaſsquently proportional to Pre eit; Area 
Ard conſequently where this Area is Ling there «590m 


x the Area is biggeſt. in the point E, where the where the 
ck and the Ellipſe cut each other. For whey Faust # 
ie Planet deſeends further to R, rhe Equation ? . 
4 ones proportional to the difference. of che A 
u eas ACE and mE N, or to the Area GBR. 
For when the Planet is in R, let V be the place of 
Wie point moving uniformly in the Circle, the 
Seftor C'S V will be equal to the Elliptick Area 
ASR: And taking away the common ſpaces; the 
frea A CE leſs the Area REM is equal ro che 
gector VS m or to the Equation, 
IN the Perihelien the equal Motion and the 
me Motion of the Planer coincide; for rhe Se- 
be- Mnicircle CE G is _ ro: the Semiellipſe AEB. 
ribe bur after the Pla eparts from the Perihelion 
will MB, its Motion is — quicker, and it goes 
afily tefore the point moving equally with the mean , 
El. Motion. For let the Angle GS Z be proportio- | 
vich Wal to the Time, take the Area B'S Y equal to 
en be Sector GS Z, and X will be the place of the ; 
de- Planer in its Orbit ; and the Angle B TY will be 
its greater than the Angle GS Z; and the Area 
in BY L will be equal to the Sector Z S L,/whoſe 
his Angle is the Equation: And where the Area 
ion BX L. is greateſt, there the Equation is greateſt, 
nd I that is, in the point F, where the Circle and El- 
or- lipſe cut one another. In A the Velocity of the” 
ck Planer 3 is the leaſt of all, becauſe the diſtance 8 A 
et is the greateſt ; from chence the Planet deſcending 
-o its Perihelion, its Velocity will conſtantiy en- 
al I creaſe; bur it will till! be leſs than the mean 


der till it comes to E, the Interſection of the 
EP, Ellipſe 


\LECTORES/' ity 


he Preſtbaphæreſit or the Equation will be biggeſt Zhaphzrecs. | 


* 
2 e 1 PTY * 
I —— 


* 


We Nv ASTRONQMITCATL': 
Lccure Ellipſe and Circle: And chete its Veldcuyihe 
ANI comes juſt equal to the mean g1which:I thus pray 
WAY W henithe Planer is in E, let the point goiog with 
| the equab or mean Velocity be in m, and che 
1 8 round 8 inn the ſame inſinitely ſmaſ 
ime be: SE and the Sectot i Sm, which wil 
be equak Aud therefore h E AE S is u 
zn αοντν Hund therefore becauſe & m and $B ay 
40012 egal, + gand i m muſt be equal; and the + 15 
le nE will be equal to the Angle i S m. Al 
5 meV the poiut therefore E the angular Velocity of the 
2 1 Nlanet is Equal to its mean Velocity: The Nang 
going frbm. E, and appruachiag ſtill nearer o 
Piorihtlien, the Velocity (grows: bigger than 
mean Velocity, and its diſthnce from the Sun be» 
N ing conſtantly decreaſiug, the Velocity will oom 
_ +... nvially increaſe, till it comes to the Peribelin 
** where it is the greateſt of all, becauſt the di 
ſtance 8h is the leaſt uf all. The Planet depin 
ing from thence, and aſcending to the Apbelion, i 
leaves the point which proceeds conſtantly wi N 
the: middle Motion, behind it; but as it goes fu: Me 
ther off: from the Sun its Velocity decreaſes, but ce. 
is ſtill bigget than the mean Velocity, till it comes i Mp! 
ro F, the point of Interſection of the Ellipſe: and fiat 
the Circle, where the Planer's angular Velocity is Ml  \ 
again equal to the mean angular velocity ;'and Proj 
when it has paſſed that point its Velocity becomes Sel 
leſs than the mean, and conſtantly diminiſhes till I Un 
it afrives at the Aphelion, Where it is the leat I r 
of allz its diſtance from: the Sun being - then . 
P E772 gh, 07 11.0573 102008 
_ 2S$TN CE" therefore each Planet in different Ii ** 
parts of its Orbit has different Degrees of Veloci; wil 
ties, and the only Equality which is obſerved in I Set 
its Circulation round the Sun is the equal De- ® 
ſcription or Increaſe of the Elliptick Areg, which wh 
grows bigger uniformly with the Time!; for to © 
determine the place of a Planet in its Orbit ar I he 
any given Time, we muſt take an Elliptick Area the 
that is proportional to the Time. And to do this the 
it is neceſſary to ſolve the following e = 


* 
/ 


7 
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Far Eb r PR ots, $ 

1 thi re 1 192 A 4 12 
— thro) one "of Fo Fee "of * 
2 cut. off. an Ares e 

ation; which, ball be ud the 

154 e 3 5 given Proportion. 


ante 917 505 IVY 25 
UND 21 ni ge a7 


* 
1 (is 


11 


* of the Ellipſe has che ſame Proportion 
tat the Periodical Time of the Planet has to any 
other given Time zuwhich Poſitian being found 
ſhall have the place the Hanz is in) as the 

n point of Time. Or ler AQ be a Semi- 
— deſcribed on the greateſt Axis af the El. 
lyſe; we muſt draw: from S thè Line 8 Q. which 


of: the whole Circle is in the aheve- mentioned 
Proportion. : For by ſach a, Section of ta Circle rhe 
Section of the Ellipſe is eaſily / found out, by let 
ung fall from the point Qa Perpendiculat on tha 
Axis AB; which will cut che Ellipſe in the point 


will bo the Right Line whichi divides the Area: of © 
ent MY the” Ellipſe in the given Proportion; ſo that 
ci- will be the ace of the Planer. For the Elliprick 
in Segment A: H is to the circular Segment A OH 
Ye ff H is tor Q; that is, as the Area of the 
ch whole Ellipfe is to the Area of the whole Circle, 
to as is known from the nature of: the Ellipſe: But 
ar the Triangle 8 P H is to the Triangle SQH in 
ez IN the very ſame proportion by Prop. I. El, VI. And. 
is therefore by Prop. 12. EI. V. the Elliptick Area 

ASP is ro the eircular Area A3Q, as the Sn, 


ſhall cut off the:Area A S Q, 10 nich the Area 


re quired, to which draw the Line SP, and ir 


5 . « ' 12 
* * if * ' 7 " POET 2 TY 
hg} 122 , 17 41. iin \ Leu. 


6&2 BT the Bllipſe be AR. whoſe Benn Tablexx11; 
r 24s S. Emuſt find theiPaſizion of the Fit 5+ 
 -. Right Line SPY. .whitch- cuts off the _ OD 

* Trilineal Area ASP; ta Which the bf to ee 


3 i 


WE ASTRONOMICAL 
Lecture of the whole Ellipſe is to the whole Circle: And 
XXIII. 75 AN: the ; dons ASP is to the whale 

4 Elli the Area is to che Circle. 
„333 ne Method f 25 1.4 
which wi 


1 


ed 32 Problem; 


which the Planets Motion ſhould be equal, or the 
N Angles proportional to the | Tinigs.5 And from 


fixed Point which is the Center of equal Motion, 
found which the Planets deſcribe Angles propor- 
tional to the Times: And the only Theory that 
anſwers all Obſervations is that above explained oſ 

' Kepler. And therefore the Aſtronomers muſt now 
for ever embracg this Theory of Kepler, ſince it 
5 not 


* 


— 


ee 
dot only agrees perfectly with the Motiots of the Eecture 
Heavens; but alſo lays moſt elegantly open the XXIII. 


Cauſe and Source of all thoſe Motions. Repler VN 
himſelf valued this Theory ſo much, that he choſe 


— 


Ven 


ven WW rather; to rake up with an indirect Mechod of. 
Calculation, chan contrive another Hypotheſis that 

, was not agreeable to the Nature of Things; and 

lem; bor this the ableſt Judges were not diſpleaſed with 

Fla, bim. Therefore to take away this blemiſn of 

us, want of Geometry out of our Aſtronomy, we will 

the Wl here ſhew a direct Method by which the Area of 

, an Ellipſe, or of a Circle which is equivalent, 

d * may be cut in a given Proportion. 

LET AQB be a Semicircle whoſe Diame-; 

er is the greater Axis of the Ellipſe, its Center 

te, and S che Focus of the Ellipſe in which the Sun 

Qi placed. Thro' the place of the Planet imagine TablexxII. 

344 Perpendicular Q H to 'be' drawn-to the Axis, F155: 

lack neeting with the Circle in Q: Then the Area. 

m- WASQ will be to the whole Circle as the gi- | 
e be en Time is to the Periodical Time of the Pla- | 
the Wie, Draw C., and from 8 ler fall upon it, 
1 produced if required, the Perpendicuiar S F: The 5 
ea A S. Qis equal to the Sector A CQ and the 9 
ted Triangle OS C; that is, equal QC X AQ 4- 
yas W:QCX SE. And therefore becauſe QC isa | 
on Wonſtant; Quantity, the Area AS Q will be al- 9 
She, MW ways proportional to the Arch AQ the Right 

ent Line S F, when the Motion is from the Aphelion - 
und Wo the Perihelion : But When the Planer aſcends | | 
the om the Perihelion to the OT the Area BS $9: | ö N 
ron is equal to the Sector BC q — Triangle CSqz | 
cal- lad therefore it will be proportional to the Arch 4 


the 5) — che Right Line Sf. Hence if we take 
und te Arch AN or Bu proportional to the Time, 
'n0 HA SF will be equal ro AN, or Bq — Sf 
eon, F= Bu; for then AN and Bu will be propor-; 
dor tonal to the Area's ASQ and B S5. 2 81 
hat HEN CE if we have the Arch AQ, and 
do ir the Arch QN, which is equal to the: 
1wW Right Line SF; the Arch A N will be propor- 


n Fional to the Time, or equal to the mean Anomaly, 
oor |. > U | of 


ASTRONOMICAL 


Lecture of the Planet: And therefore if we have the tris 
XXIII. Anomaly of a Planer, we may eaſily find the 
mean, or the Time, For ler QC be to SC ag 


$7,29578 (which Number expreſſes the length of 
an Arch in Degrees and parts of a Degree chat is 
equal to the Radius) to a fourth Number: And 
we ſhall have an Arch equal ro SC in Degrees 
and decimal Parts. Call this Arch B: And be- 
cauſe SC is to S F, as the Radius is to the Sine of 
the Angle SCF or AC Q, ſay as the Radius 
is to the Sine of A CQ, ſo is the Arch B to 
fourth; and then we ſhall have, in Degrees and 
decimal Parts, an Arch in the 1 AQ, 
which is equal to the Right Line F: And be- 
cauſe SF is equal to Q N, we have the Arch 
ON, and alſo the Arch AN, which is propor- 
tional to the Time. CULTS. 
. LET us explain this by Examples in the Orbit 
of Mars. The Eccentricity of this Orbit is to its 
mean diſtance as 14100 is to 152369. And the e- 
fore the Logarithm of the Arch B, which is equal 


to SC is , 7244446: And therefore if we would 


have the mean Anomaly when the ' Anomaly of 
the Eccentrick is one Degree, add the Log. Sine of 
1 Degree to the Log. of B, the Sum is 8, 9662999: 
This being the Log. of the Number o, 92533, 


expreſſes the length of the Arch QN in decimal 


parts of a Degree. And therefore the Arch AN 
or the mean Anomaly is 1, 92532 or 1“. 5 33”, 
In like manner, if the Anomaly of the Eccentrick 
be 30e, to its Log. Sine add the conſtant Log. of 
B; and the Sum will be , 4234146; which is 
the Log. of the Number 2,651. And therefore 
the mean Anomaly A N anſwering to 30 Degrees 
of the Eccentrick Anomaly, is 32,651, or 329.39'.3". 
This Method is much quicker and eaſier than 
that which Kepler gives, where, by an indirect 
Method and the Rule of falſe Poſition, he ſhews 
how to compute the true Anomaly from the 
mean. | 
- LET ug now come to the Method I promiſed 
of directly finding the true Anomaly from rhe 
| | | mean 


" 


LECTURES... 


Kr 


mean. 10 the Figure let the Arch A N be the Lectde 


the Anomaly of the Eccentrickx which is to be 
found. Call rhe Arch NQ and the Sine of 
AN call e, and Co-line f; and let the TD 4 
FC: be g. The Sine of the Arch A Q is equal to 
Sine 17 the Arch A N Fo equal ro ye 
Fine of the Arch A N — 15 But we have demo 
ared in the Elements of rigenomerry, that if the 


IN — 6, or da ee 1123 


a. T 1.20 


x y* 
1 Bor the Radius which is 1 is to 


bee Arch AQ gs SCorgisto. SFor 


n "OE 211 925 
NQ; that is to debe, N „ 


its E TEAS 2b 


e e- off; „: 1.2.3 1.2.3.4 


ual «4 4 . F 22 

L e 7557 7 WI 2 525 
1900 9,0 1 4 

ry be. 16 6. 0 and 14. cal 4, f 25 


40. LENT e and 4 4, And. the Equariod 


AN 


mal 1.2 . 
\N wn this eum f = 69. $y* = wy 


33". And therefore 12851 ethod of Reverſion | 
rick ere by Sir 75 4 AC N. £ BIO N, 
. of R 23 — ac | 
5 * have N 701 e * 
ore 
be — 5 A 

35 | EO ef ** 4 c. But becauſe | 
” Jy EL and 4 E 5 "h Hall have 2 4 


| 2 — * ef 
the © ; 5 LS 72 KC. Bur if the Arch ANbe 
Renter chan ho Degrees = leſs than 270, eng. ot 


the | 2 


mean Anomaly, or proportional to the Time; AQ TE 


1 che Arch A N' be e, the Sine of 91 Arch 


4 
23 


ih N 
$87 > 7 


% 


Gal 4 20 22 | ; EL — %# 89% gap. 2 
* N 1:32:28.) 


This Wh expres; Ly" fas 513 17 
heredf rhe Radius: 18 Rene e have | 
P44 Parts of 4 Peg es: Say as th 
18. o this Series, q 1s. 15 $7,29578, 20 


25 — e- Degrees 0 an Arch Ad a > the Ragi 
urth ; See 185 1 che Radius Nen 
af- we müſtiply the 58 


py 378, oo 
We wet feb 37491 5 a Bo 2 


* The d ben Tk & hi Sil BYY 
Tufficient & determine kllet Ahomaly of the Beg 


in Men the Error ſeldom exoee 1 7 
of a Degree: In the Earth it is leſs Fad he the 
1590drh pate ö a Degtee. 8 will be beſt'r 
ee Bab this Method by Examples 
e h's Orbit the Eccentricity,i is 0,01697, 
an diſtance. & is 17 Suppaſe ud 
= wth the Anomaly of the Eecentrick, and 


therequlred? Anowaly, rr the meag _Anonialy 


e of Be eier 

od co bf aide — 82281436 

1 Sine of 307 97658570 

Fon 5 * = © = 2500 . 5 — 

| '* "<TheT 7 4 N4 — 
| red The s. of 4 f fubſttat | . — 0,006313f 
, E | wy Log. of the Arch 5 ——* 9,6789125 


Fo which anſwers.che. Number 0,47744, er in 
ſexagetimal Numbers 28'. 38”: The reſt of the 
Terms dest amount to the 10006th' part of a 


bare the Arch AQ 28771, 1245 In the Trian- 


* A W 
— = 


kress. and: detimal partt == OTE 


trick in almoſt all the Plauets, ne ang E For 


Degree, and may therefore be neglected. If there- 
fore from 30 Degrees we deduct 280% 33”, we mall 


gie 


4 
, TY : - 
. = .. 


Lp & n. 23 


g —— 


de O8 C. The Analogy is QC + © Sor 35 N 


Q&—CS or BS: * Tqngeng —— . 


e A - 10 0 12 gk 
ASL cas. Therefore fe 


he Tangent of halfyrhe) PX 4. 5 K 5 05 wo fue — 
Lacta. conſtant Log. 0,0146893, we have” 
the Tangent of an Angle, which added ro half the 
Angle” K CQ gives” che Angle CS Q.ior'A* SQ, 
yhich-in.the preſent. ; is 22 7”.. Bur for 
y find. the ag ASL ke än he Be XX; 
Tangent e A in "the Pfoporrion Eis. 3. 
e Bob one 25, the 118 70 W leffer. 
n from the Eogarithmick Tangent © 
take away the conſtant *Eog. o, 622, 
hich, is che Log, af the Nutio of the greater, 
huis to the leſs, and we ſhall have the Log. Tag- * ; 
gebt of the Angle A'S P. which Angle is equal to 
19%, 2. 54. And this is the coequared. A 
IN the Orbit pf Mars che Eccentrieity is 14 perk 
ſuch parts a8 f mean kane As e dey 5 
therefore the Log: of he Ratio of 8 C to C iS - 
(9563226 Log. of g. Let us find; the Kg 10- * 
naly of the Eccentrick A Agautaly | 
11 Degree, _ 6-4 
Ihe Log. of Eccenriity — 85 5683226 | 


„The Log. Sine of 1 Deg? Ke 82478453 


:" The: Log. of R 2 © — 3,9662899 | 
The Log o fabſtraR — 1 
* I 7 * 1 : 25944 77 


1 Log of - 84 5 oY 1558 *8p2780o - 7 


Firſt, TH E Number anſwering. this Log. is 
608497, agd/ gives the bigneſs of the Arch N 
be the Error is les chan the 8 N 28 


- 0 
* - - 


„* rf * 
10 98 ms wi hb. 44 a 


\ 


; The Log. f K — . 41220 


ads ve have the ddes QUE CS a 5 
File: SCO Wherefore we ſhall I hare the An- XIII. 


2 


AST RNONOMIC AI 


Lecture 24h, SUPPOSE che mean Anomaly is 4 
XXIII. Degrees, and I am to find the: Anomaly eh 


LORE Eccentrick. 


The Log. of 3 — 9,9663226 
' The Log. Sins of 4 & -V 9.84455 
| The Log. of K — — - 1,7581246 


The Log. of R . £ — f „5739296 
The Log. of 4 ſubſtract — , cz 7529 


The Log. of — LIT: 0, 
To which anſwers 85 Nutter 3,5189, which is 
more than the Truth by about 150th part of 3 
Degree: And to correct this Error take the ſecond 
Term of ho Series — 3 : 3 - LEY which 
will be found equal to the Fraction 0,0065, and 
ſubſtract this from the firſt; there will remain 
3,5124, which expreſſes the Arch NQ true 10 
'x00000th parts of a Degre. 

3dly, LE T us find our the Anomaly of: the 
Eccentrick when the mean Motion is 100 De. 
grees: In this Caſe 4 =1 gf = 0,983930, 
The Log. Eccentricity or of g 3,9663226 

The Log. Sine of 100 or of 80 9,9933351 
The Log. of R — — 1538122 


The Log. of R — 5,7177961 
The Log. of a ſubſtrak — 9,9929591 


| The Log. of = —— 0,7248363 


The Number Wan to this Log. is 3,3066, 


© Which is greater than the Truth by about the 50th 


part of a Degree: And eg to correct this 


| SAR, double the Log. of =, and to the Product 
. add the Log. 19 7 5 =, » and we : ſhall have the Log. 


of 


” 


tm I. I” 3 "4 © mm ed Tn ww oo. c . 


ht. 


| 9043325 whoſe half 3 is e 68 


* > R 5 
yet the part of . — — 5 is ſufficient to deter- 


'gle AC Q, we compure the Angle A SQ by 
the Refolution of the Triangle QCS, whoſe 


' Ratio of the greater Axis to the leſs: And then 
there will remain the Logarithmick Tangent of 
the Angle ASP, which is the true or W 
* | 


LECTURES. Ingo 
of EL, and the. Number cog ro it is l 


This being ſubſtracted from the former, 2 
will. remain 3,2841 for the Arch NQ; which is 
not the 10000th part of a Degree diſtant from the LY 
Truth. It's here to be obſery'd, that though the | 


Ra ＋ 2 Re X43. 2 i 
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* * 
” 
1 
9 * © * 
—— 
= P er On eo Rn —_. 


| ſecond Tein of the Series be - fot of 


2 4* 
3 
3 


mine AQ truely to the 10000th part of a De- 


HAVING found the Arch AQ or the An- 


fides QC and CS are given, with the Angle 
contained between them: And then the Loga- 
riihm Tangent of the Angle ASQ is to be di- 
miniſhed, by taking from it the Logarithm of the 
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LECTURE XXIV. 


$78 AA C. N E WTON's Solution 


of Kepler's Problem, and Ward's 0p 


2 it Hypotheſis explained, 


U R Method of Solution a. F 
in the preceding Lecture, and that 
of Sir ISAAC. NEWTON's 
„delivered by him in bis Principles, 
bag. 101, are built upon the ſame 
- Foundation ; ; Which is, that the Right Line SF 
3 equal in length to the Arch ON: But the 
ewtonjan Method is not unlike to that uſed by 
the Analyſts, when they extract the Roots of af- 
fees Equations: And it is ſo much more to be 
lued, chat it not only gives eaſily the Planers 
Places "whoſe Grbits are nearly circular; but al- 
moſt with the ſame Eaſe it may be be uſed to de- 
termine the Comets places, who have very Ec- 
centrick Orbits. And this may likewſe be per- 
formed by our Method, if inſtead of the Arch 
AN we take another Arch A more nearly equal 
to A Q, whoſe Sine is e; and inſtead of making 
x = ge, ſuppoſe; ge ＋ A AN. And find- 
ing che. Sine of the Arch A + We Thall come to 
an Equation of the ſame Form with” rhe former, 


= 
5 Wy CEE 


where à and y ate much leſs, and conſequently 


the Series wilt converge'much faſter. 

Iwill here explain the Newtonian Method, ſince 
it is of great Uſe and Expedition, for the ſake 
of thoſe who are willing to calculate Tables up- 
on Principles grounded on the true Laws of Mo- 
ow, 2 not upon abſurd Hypotheſes. 
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WE have already ſnewed chat f the Arch 15 
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tors 


JC be the Anomaly® of the Eccentrick, that to- XXIV. 


recher wirh the Right Line SF let fall from SLY 


upon the Radius C Q perpendicularly, will be pro- 
portional ro the Time, when che Planet deſcends 
from the Aphelion to the Perihelion'; and the Dif- 
ference - between the Arch BQ and 8 F pro- 
portional to the time when it aſcends from the 
Perihelion to the Aphelion : And therefore if we 
ze the Arch AN or BN proportional to the 
Time, the Arch QN will be equal ro SF. 
herefore to find in Degrees and: decimal parts 
je meaſure of an Arch in the Periphery which 
equal to SF: Say as CQ is to. CS, ſo is 
529578 Degrees, which is equal to the Radius, 
0 a fourth: This Number will expreſs the big- 
neſs of an Arch in the Periphery AQ B which 
þ equal ro CS: The Log. of this Arch call B. 
lad becauſe- SC is to S F as the Radius is to 
the Sine of the Angle AC Q; ſay as the Ra- 
lis is to this Sine, ſo is the Arch whoſe Log. is 
B ro another which call D; then this Arch D 
vill be equal to SF. And therefore if at the 
ziren Time the Arch AN and the Area ASQ 
re proportional each to the Time, and I take 
P equal to D, the point P will fall on Q: But 
if the Area AS Q be nor exactly proportional to 
the Time, rhe point P will either fall above or 
below Q, according as the Area ASQ is " 
ger or leſs than the Truth. Ler the true Area 
87, and upon C 9 ler fall the Perpendicular 
E; which by what we have already ſhewed is 
ual ro Ny: And therefore SE - S F or 
F—SE, that is nearly the Line LE is equal 
LP = ap- / or Q- QP. Now if 
he Angle 20 be {mall we have CE: C:: 
LE: Q:: OP- Q: Q. And chere fans 
E -+ 75 C7 QP: Q. After the ſame 
* when By is leſs than a Quadrant, C- CE: 
:QP:Qq, When the Planer is near the 


. or Perihelion, C E becomes nearly equal 


2 ve 85 aud C Q 4C E is almoſt the ſame _ 


rablexxitr 


Fig. 1. 


— 


J 


. a8 ASTRONOMICAL 
Lecture AS: And therefore QP: Q:: AS: AC, whe 


r 


Radius is to the Coſine of AC Q as SC: CF Na. 


XXIV. the Arch A q is leſs than a Quadrant; but whe ” 
| : is leſs than a Quadrant, chen as S B: CB I 

l Q: Qg. Say as CS: CQ: :R the Rading 
2 ine L, and then CQ = - Al a1: 

i | | | tha 
ſ 


CE, which are nearly equal: Wherefqr 50 


1 
| | CE =2= ES whence we have thy 4 
1 | Fr  SCXL+SC%X co. AO be 
ii Analogy QP: Q:: © R IA din 
4 1 * 
of h L + Coline AQ: L; when AQ F bn 
l leſs than a Quadrant: Bur if it be greater than hs 
1 Quadrant, QP will be to Qq::L— Coſaſ De 
4 AQ: L. And in this manner, if there be a 3 
J. Arch taken as A 9, which is either a little leſ i ;he 
1 bigger than the Truth, we ſhall find the Arch 25. 
i | | which is to be added or ſubftracted ; ſo thai dn 
wy Area ASQ may be nearly proportional to der 
1 Time. And if inſtead of AQ we take anothellif the. 
14 Arch A Q, and argue as in the former Arch, wif 50 
"th Mall have a new A nearer to the Truth: bar 
oh by this means we ſhall conſtantly approach to tf , x 
true Arch, fo that the Difference may be leſs ti 
any given Quantity. 10 ole 
THERE is no need of explaining this M wh 
thod any farther, we will only illuſtrate it wil am 
Examples in the Motions of the Planer Mars. a ( 
Mars's Orbit the Logarithm B is , 7244446; a Toy 
the Longitude L is 1080631 of ſuch parts as t of! 
Radius is 100000, | fro! 
= LET us find the Angle ACQ, when iu exc 
= mean Anomaly or Arch proportional to the Tin if; 
I is only one Degree: Becauſe CS is almoſt ty af. 
J Toth part of C A. I * AQ to be 0,9 Dez the 
# that is a tenth part leſs than the mean Anomalh mu 
= | Add the Log. Sine of 0,9 to the Log, B, and d the 
| | Sum is 8,920 5466 = to the Log. of the Numbe ha; 
0,083281 ; this Number expreſſes the bigneſs oF wy 
| | 9 it. 


L i .LECT:VRES:  -- wy 
» Woe i Arch equal ro SF = N: And if the Arch Lecture | 
AQ had heen rightly aſſum d, AN - NP had XXIV. 
been equal ro AQ, and QP = o. But in the pre- | | 
ſent Caſe QP is equal 0,01671-3'fram which if „ | 
lake away its tenth part, becauſe AS is greater | 
aan A C by about a tenth part, we ſhall have 
Q4 So, oi zog, which being added ro AQ 
W gives A7 2 , 91504. | | 

2dly, LET the Arch AN or the mean Ano- 
maly be 2 Degrees; I ſuppoſe the Arch AQ to 
be 1,82, almoſt double of the former; and ad- 
ding to 1ts Log. Sine the Log. B, the Sum is 
9,2286992, the Log. of the Number 0,16931. 

And then QP = 0,00069 ; from which ſubſtract- 
ing a tenth part, Qꝗ is nearly = 0,000063, and 
Aq 1,83063, which is not the 10000th part of a \ 
Degree different from the Trubt. 

3dly, SUPPOSE the Arch proportional to 
the Time ro be 3 Degrees, I take AQ ro be 
2745 = 1,83 + 0,915 ; and to its Log. Sine ad- 

ng the Log. B, we have the Log. of the Num- 
ber 0,25392 = NP, and AN - NP = 2,74638, 
therefore Q = 0,001 nearly, and A = 2,746: 
$o that by one Addition of two Logarithms we 
have the Arch A 9 true to the thonſandth part of 
a Degree. | | 

4thly, NOW if we ſhould nor proceed by fin- 
ple Degrees, but were to find the Angle ACQ 
when the mean Anomaly is much larger ; for Ex- 
ample 459: I make my Suppoſition thar the Arch 
AQ is 40 Degrees, and to its Log. Sine add the 
'5 OY Log. B; the Sum is 0,5320121, equal to the Log. 
as Ul of the Number 3,4081, which Number ſubtracted l 

from 45, leaves AN — NP g 41,5919, which 1 
-n u exceeds the Arch AQ by 1.59 19. And therefore : | 
' if we take as L + Coline A Qto L, ſo 1,5919 to 
ft uf a fourth, we ſuall have the Arch Q 1, 486 5. And 
therefore Aq = 41,4865, which does not differ 
much above the thouſandth part of a Degree from 
the Truth. But without this proportion we might 
f have found A q by taking an Arch which is ſome- 
What leſs than AN — NP, bur nearly equal to 

. Suppoſe we had made AQ = 41,5, nd 
5 | ng 


_— — WT 


Lecture ding its Log. Sine to the Log. B, we ſhall hays 
XXIV. another Arch NP = 3,5132, which ſubſtracted 
Wy WV from AN gives 41,4868 for a new A. And 


adding irs Log. Sine to the Log. B, I 
AN- NP 42,4249; to which if I make the 


* 


ASTRONOMICAL 


this Arch is eaſier found than by the former pro. 
portion; and beſides comes nearer to tlie I 
than the laſt A was. CORY 
. 5thhy, AFTER having found A or the A. 
nomaly of the Eccentrick, that anſwers to the 
mean Anomaly of 45 Degrees; if we ſhould 
again proceed by ſingle Degrees, by only one Ad: 
dition of two Logarithms, we may find the Ano. 
maly of the Eccentrick to all the following De. 
grees of the Semicircle, viz. when the mean Ang 
maly is 46 Degrees I make AQ to be 42,4, and 


find 


new AQ equal, 1 ſhall have an Ag, which is nat 
Iocoth part of a Degree diftant from the true 
Anomaly of rhe Eccentrick. So likewiſe whey 
the mean Anomaly is 47 Degrees, I take A 

43,36 = to the former A q A the Increment that 
_ accrues to it by adding a Degree: And adding 
the Log. B to the Log. Sine of 43,36, the Sum 
is the Log. of the Number 3, 6402, which ſub- 
ſtracted from A N leaves AN - NP= 43,3599 
equal to a new A : And this Arch is about 
the 100007th part of a Degree different from the 
true Anomaly of the Eccentrick. 8 


6thly, I F again paſſing over the intermediate 
Degrees I would find rhe Arch A q when the 
mean Anomaly is 100 Degrees; I make AQ 
equal 95 Degrees, and adding its Log. Sine ro the 
conſtant Log. B, the Sum is the Log. of the Num- 
ber 5,273, and AN — NP = 94,727. There- 
fore T put again AQ = 94,72, and adding toge- 
ther its Log. Sine and the Log. B, I have the Log. 
of the Number 3, 285, which ſubſtracted from 
AN leaves Aq = to 94,715. In like manner 
when the mean Anomaly is 101 Degrees, I make 

AQ 95,71; and I find NP to be 3,2756, which 
ſubſtracted from 101, leaves A 95,7244. And 


here again, if we proceed by Degrees, we ſhall WB C 
. T : : 5 5 Uh 4 n 7 have 3 


" 


of a Degree. I ſuppoſe B Q to be 0,35: To 
ate Log. of the 
the 
Q ily by 35,5 and the Product ſubtracted from 
he i leaves. Bq = e, jez; and the Error is not 
m- greater than the +; part of a Degree. If the 
re. 220 Anomaly be 0,03, I make B Q=1,0 04 
3e- and adding its Log. Sine to B, I have the Log. o 
8. the Number 1503008, ro which add the Arch \ 
m IB N; the Sum. is 1,060088, which is greater than 
er B: Wherefore if the difference ,cooo08 be mul- 
ke Miiplied by 35,5, and the Product added ro B Q. 
ch Be ſhall have B q = 1,06284.- In the ſame man- 
id Mrer when the mean Anomaly is.,04, I ſuppoſe 
Ul 0 14, and I find PN = 1,3604, to which 
e 333 adding 


1 


6 75 a * f Af He 
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30 ASTRONOMICAL. 
Ledure adding „e the Sum is 1,4004; which exceeds UHH, 
XXIV. by, ooog; multiply this difference by 35,3, ee 
GY Vthe Product will be ,0142 = Qg, and rherefnlſſ 
| Bq= 1,4142. In all theſe Examples the Error 
mall, ſeldom exceeding the i ooh gin 
e. re -0o7--: 4 ON #1; 5 f 
s now find the Anomaly of the Ee 
centrick, when the mean Anomaly is one Degree 
Here I make B Q = 20 Degrees, and adding M 
Log. Sine to B, I have the Log. of the Number 
19,045, to which adding 1 the Sum is 25,045; 
and is greater than 20 by, 43. And becauſe e, 
this Example L. — Coſine BQ is to L as Tt B] 
11,5 nearly: 1 multiply the diffetente og . 
11,5, and the Product o, 5 175 added ro BU maks 
20,5175. Therefore 2dly I wake BQ 26,51, and 
NP will be 19,50%; ro which adding NM 
Sum is 20,5092. And therefore if rhe diffezend = 
0008 be mulriplied by 11,5, and the Produf "of 
,0092 ſubſtracted from BQ, there will remis 
1 © 1400, 
Laſtly, LE T the mean Anomaly be 2 Degrees 3M” 
1 put BQ = 30 Degrees, and then I find NP Fart 
27,84 ; to which adding 2, and the Sum is 29,84," 
which is leſs than 30 Degrees: Mulriply the dle 
___ „ts by 6,3, (for L Coſinę B Q is to L 
as 6,3 to 1) and we have 1, % : "And 8 
therefore this Arch ſubſtracted from B Q gie n 
B = 28,982. Therefore to correct the Error,! 
pur again BQ = 29 Degrees; and by 4 lik 8 
proceſs I find Bq = 28,9672. Having found the 25 
Angle ACQ, the Angle ASQ is eaſily found. N 
Table XXII. For in the Triangle QC S we have the fids 5 
Fig · 3, . QC, CS and the Angle QC S: Therefore wel - 
ſhall find the Angle ASQ and the fide 8 % * 
then ſay as the greater Axis of the Ellipſe is o; 
| its leſs, ſo the Tangent of the Angle ASQ is 0 
= the Tangent of ASP, which will rhereby be 
= | found; and ir is the coequated or true Anomah .I tn 
| Again, ſay as the ſecant of the Angle ASQ 40 
14 to the ſecant of ASP, fois SQ to SP the d- 
ol | ae bf es Dlaner from. the Jug." "Or ern 
| » thele 
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2 LECTURES 
iſe things may be eaſier compured in this man- 
er. Having the Arch AQ, we have its Sine 


- * 
b 53 7 
* 4 


UH and its Cofine HC: But we have S C in 1 


= ich parts as the Radius or CQ is 100000; _ 
kan tefore we have H S. Say as the greater Axis 
ve Ee che Ellipſe is to its leſs, ſo is QH to PH, 
deze hich will therefore be given. In the Rectangle 
ing {x ltangle PHS, we have alſo the ſides PH and 
unbM 5 wherefore we can find PS H the true Ano- 
9,04) ah, and PS the diftance of the Planet from 
ui Wthe Sun. 21095 , SH 7 PEO 
AY BECAUSE in the Aphelions and Peribelions 
Th” points Q and N, or the mean and true place 
male r a Planer coincide ; and in the firſt Semicirele 
. 2% Anomaly the mean place is before the true 
N ce, in the ſecond the mean place is behind the 
rene e; if we have determined the Poſition of the 
dus 5 of the Earth's Orbit, we ſhall know the 
ime when the true and mean place coincide. 


For when the Sun is obſerved in that point of 
je Ecliptick where the Perihelion is, then thi 
Farth is in the Aphelion. And having this Mo- 
ment of Time by Aſtronomical Tables, we ſhall 
have the mean Anomaly for any other Time, as 
likewiſe the Arch "AN. For theſe Arches are 
computed according to the proportion of the 
Times, and ate placed orderly in the Tables, Now 
having for any point of Time the Arch A N, we 
have ſhewed, how from thence we may compute 
the true Anomaly, and the place of the Earth in 
the Ecliptick, to which the place of the Sun is 
always oppoſite. 9 5 ee e | 

BESIDES the 
to which the Planets do really regulate their Mo- 
tions, there is another Elliptick Hypotheſis which 
bas been chiefly improved by two moſt Celebra- 
ted Aſtronomers, Iſmael! Bullialdus and Dr. Seth 
Ward, formerly Profeſſor in this Chair and af- 


d 4ſftronomy has been much advanced. And ſince 
this Hypotheſis does not want Elegance, and a 
nearneſs in Geometry; and beſides it admits of 
an eaſineſs in computing, we will here briefly 

| explain 


Theory of Kepler, According 


terwards Biſhop of Salisbury, by whoſe Pains 
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304 ů9b. ASTRONOMICAL. 


Lecture explain it. In this Hypotheſis, with Kepler, I bet: 
XXIV. is ſuppoſed that the Planets Orbits are 240 * 


LY and that they have all one common Focus i 
which the Sun reſidts, | Moreover; they ſuppoſ 
that each Planet does move in the Peripherp d 
Ks Orbit, in ſuch a manner, that drawing Ray 

or Lines to the other Focus, they deſcribe Angles 
proportional to the Times. Theſe; things being 
ſuppoſed. Dr. Ward ſhews an elegant Method 5 
finding the true Anomaly from the Mean, having 

determined the Species of the Planet's Orbit 
Aud it is as follow ern. 

TableXX111 LET APB be the Ellipſe which the Plage 

Fig. 2. deſcribes; A P the Line of the Apſides, S the . -* 


eus in which: the Sun is placed, E the other or the uſe! 
upper Focus, which is the Center of equal Ca 
Motion. Ler the Angle AFL, be proportional w 9! 
the time, or be the Mean Anomaly, then L will © ! 


be the 12 of the Planet in its Orbit, and the . 


Angle AS E the Co-equated, or true Anomly, ** 
Produce FL to E, ſo that FE may be equal t ma 
AP: the greater Axis of the Ellipſe; and therefore I ma 
fince by the Nature of the Ellipſe FL and LS are bar 


equal to the ſame AP, then L-E muſt be equal to ® 


LS, and che Triangle LSE. will be an Iſoſcels ede 
Triangle; and therefore the Angles E and ESI. the 
are equal and the exterior Angle ELS being the I h 
Sum of borh will be the double of each, or Q! 
double of the Angle LES. Therefore in the Tt. vil 
angle EF 8. having EE and FS, and rhe Angle GC 
EES,> which is the Complement of LFA to two © 
rights, we can find the Angle E, whoſe. double 60 
E. equal to the Angle FLS, which therefore will N. 
Known: But the Angle A FL is equal ro,the 80 
two Angles FS L and F LS, and therefore the M ® 
Angle ELS is the Proſthaphæreſis or the Equation, Ci 
which is to be ſubſtracted from the Mean Ano- leſ 
maly, or added to it, to have the true Anomaly. be 
I reſolving the Triangle EFS, having EF if 
and FS, the Analogy is C ESE; FS: ES FS, I 
that is, as A8 to 8 P:: Tang. 4 AF E: Tangent 0 


of + difference of the Angles E and F 6 B30 


1 p - 4 


QN : But becauſe the Arch QN is ſmall, its Sine 


[zerrt "os 
bocabiſe rhe Angle E is = LSB, FS is-the dif- Laus | 
ference of the Angles E and FSE; wherefore the XXIV. - 2 | 

| 


, | | "; f . nn = 
ö : pu * : a * ' = 
R ; ” a F< 6 - : 
wee it :, . $8 in 
Em | N {it 
; | 


e found by rhe Analogy being doubled, gives WY 
* Angles F 8 Is which . the — 2 5G 

Now the Practiſe here is ectreamly eaſy; for ber 
cauſe AS and SP are conſtant Quanrtiries, the dif- 
ference of their Logarichms is a conſtant Quanti- 
ty, wherefore a given Number is to be added to 
Log. Tangent of half the Mean Anomaly, and then 
we ſhall have the Tangent of half the true Ano- 
maly. Moreover, in the Triangle LFS, having all 
the Angles and the Side 8 E, we can find 8 L the | 
diſtance of the Planer from the Sun; . | 
THIS Hypotheſis of Dr. Wards is a very | 
uſeful Approximation, and ſerves to ſhorten the i 
Calculation, and make ir eaſy: But yet it is till | 
only an Approximation, and does not come up 
to the Truth: We will here ſhew the reaſon of | 
it. Let AP B be the Orbit of the Planer, A QB pntexxni:- | 
the Circle circumſcribed, the Arch A Q the Ano- Fig. 3. | 
maly of the Eccentrick, and A N the Mean Ano- | 
maly. From the Center C draw NC, and QG | 
parallel to it; the Angle QGA is equal to NCA | i 
or the Mean Anomaly, and C G will be nearly 3 


- 
* , 
" 


equal to CS, bur a little leſs than it. For from 


the Focus 8 on QC, let fall rhe Perpendicular 8 F, 
which we ſhewed before to be equal ro the Arch 


will be almoſt equal to the Arch; and thetefore- 

GO. a perpendicular on NC; will be nearly equal 

to SF, bur ſomewhat leſs. But the Triangles 

GOC and SFC are nearly equiangular, (for 

NCQ the difference of the Angles GCO and © 

SCF is very ſmall,) and; therefore becauſe OG 

is almoſt equal to SF, but a little lefs than it; 

CG will be almoſt equal to CS, but ſome what 5 

leſs. The other Form of rhe Ellipſe then muſt N 

be a little above the Point G, but very near it; and 1 
if we draw from the Planet's place the Line PL 1 9 
parallel ro QG, rhe Point L will be likewiſe above | A 
the Point G, bur yet not far diſtant from it; and = 
therefofe the Point L and the other Focus of ths i" 
5 | X '... - i 


1 PE 


. 


3o ASTRONOMICAL 
Lecture Ellipſe do nearly coincide. - But the Angle PLA the - 
XXIV. is equal to N CA the Mean Anomalia; and-the W and 
| Point L nearly coinciding with the other | Focy, by 
the Line drawn; from P to the other Focus wil pare 
make an Angle with rhe Axis, nearly equal to the I tion 
Angle PLA or NCA, that is to the Mean Ano. WW Fun 
maly. And therefore the Angles at the ſuperio I tion 
Focus are nearly proportional to the times. Adiſta 
WHERE the Angles: NCA and QC A or 
SCF differ but little from one another, rhat is, I to af 
where the Angle NCQ is but ſmall and the Ec. 
centricity, che Points G and L, are nearly coinci- App: 
dent with the ſuperior Focus. And , therefore-this 70 it 
Theory is accurate enough to anſwer to the Mo- Sp: 
tion of the Earth, whoſe Orbit is nearly Circulat: WW ;5 tt 
Bur in the other Planers, and particularly Mart Wl biſec 
| and Mercum, it does not do ſo well. And there. and 
| 
' 
ö 


fore Bullialdus from four places of Mars obſerved Feen 
by 'Tycho in the firſt and third Quadrant of Ano- will 
maly, found that Mars was further advanced in bit, 
his Orbit than he ought ro be by this Theory, un' 
But in the fecond and fourth Quadranrs, Maris ev 
true Anomaly was found to be leſs than it ſhould and 
18 be according to this Hypotheſis : And therefore W Sun 
| „„ Bullialdus gave it the following Correction. Upon to a 
* the Diameter A P, which is the greater Axis of very 
plate xxui the Ellipſis, deſcribe the Circle ADP. Let AFL 4 
Fig. 2. be the Mean Anomaly; through L draw the Line Dia 
QL G perpendicular to the Axis, meeting with the ¶ bett 

1 | Circle in Q. Joyn FQ which cuts the Ellipſe in V, ſtan 
| and V will be the place of the Planer in its Orbit, Wl tion 
| anſwering ro the Mean Anomaly AFL. Now the the 
| | Angle AFQ, anſwering to the Mean Anomaly If to it 
It | AE, is eaſily found by taking an Angle whoſe Tan- Dis 
gent is to the Tangent of AFL, as the greater Axis 1 

of the Ellipſe is ro the leſſer. And having the An- Ill the 
gle AFQ or AFV, the Angle ASY is found in the I obſe 
ſame manner as before the Angle ASL was found. it is 

Il _- THE Calculations we have here explained: I} gre: 
3 Suppoſe that the Species or Forms of the Orbits the 
2 are given, as likewiſe their Poſitions, We ſhall SP 
afterwards flew a way by which the Orbits F that 


— 
to 


LECTVRES. * N 
the other Planets are determined: But the Ferm 3 


. | » , » : LeQure | 

and Poſition of the Earth's Orbit is ro be found XXIV. 
by the following Methods. Firſt qhſerve che Ap+ WW 
parent Diameter of the Sun, as likewiſe his . 7 
tion; for when the Earth is in its Apbelion, the | 
0. Suns Diameter is the leaſt of all, and his Mos 
erior tion ſloweſt, the Earth being there at the greateſt 
ql diſtance from the Sun, In the:;Perzbelion, it com-: 
er ing neareſt the Sun, we ſhalll obſerve his Dlametet 
t , to appear biggeſt. Let any right Line SP repreſent plate xxin 
Ec the Perihelion diſtance of the Sun: Say, as the Fig. 4. 
ace ¶ Apparent Diameter of the Sun in the Apbelion is 

th 10 its Apparent Diameter in the Perihelion, ſo is 
Mo- Sp to a Fourth. In SP produced take S P equal 
lar: to this fourth, and ir will be the Aphelion diſtance, 

lat biſect PD in C, and CS will be the \Eccentrici! 

ere. and C the Center. Deſcribe an Ellipſe whe 

ved W Ficus is S. and greateſt Axis PD, that Ellipſe 

no. will be of the ſame Form with the Earth's Or- 

in bit, and the Points of the | Ecliprick where the 

ry. WH Sun's Diameter appears the biggeſt and the leaſt, 
new the Poſition of the Apſides, or the Aphęlion 

uld WW and Peri helion. But becauſe the Diameter of rhe GW 
ore Sun, in the Aphelion and Perihelion, is ſcarcely, ſeem - ___ 
08 to alter its bigneſs for ſome Days; it will be 

of very difficult to determine the Poſition of the 

'L IN A4pfides by Obſervations made on the Apparemt 

ine Diameter of the Sun only: And therefore it will be 

the better to find out rhe Aphelion and Peribelion di- 

V, ances and- Poſitions by obſerving the Sun's Mo- 

It; tion: For the Angular Velocity of the Earth, and 

be the Apparent Motion of the Sun, which is equal 

uc it, is always reciprocally as the Square of the 

n- I Diſtance, as we have above demonſtrate. 

is THEREFORE to determine the Species of 

n- I the Ellipſe in which the Earth moves, we muſh 

he obſerve rhe Apparent Velocities of the Sun when 

| it is greateſt and leaſt. Call the leaſt A, and the 

F; greareſt B, and let any Right Line S P, repreſent; 

's I the Perihelion diſtance: Say, as A is to B, ſos is 

S to another Line C: Produce 8 P to 0.8 
chat SD may be a mean Proportional between S? 
je ; WE 5 - | and 


_ 
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ecturs and C; this Line SD will reprefent the Aphelidj 
XXIV. diſtance: And therefore if the Ellipfis be defcri. 
bed whoſe Focus is S and its greater Axis PD; that 
Ellipſe will be of the ſame Form with the Earth; 
Orbit. For becauſe SP, SD and C are continual. 
ly Proportional, P S Square will be to DS Square; 
as SP is to C, or as as A to B, that is as the Ve 
locities. Moreover, if the Places of the Ecliptick 
de diligently marked where the Velocities are 
ele * and leaſt, in thoſe Points will the Apfides 
e ſituated. Laſtly, if there be two Places of 
the Ecliptick obſerved, where the Sun's Apparent 
Velocities are equal, and the Arch of the Ecliptick 
between the two places be Biſected, the Point 
of biſection and its oppoſite, will ſhew the Places 
of the Apſides, But theſe Methods require Ob. 
ſervarions that are very nice and accurate, ſuch 

as can ſcarcely” be made, | 
- FROM rhe Theory of Dr. Ward we have 4 
more certain Method of finding the Form of the 
Orbit, by three Obſervations of the Sun, and 
marking the Time between them, which does 
platexxin likewiſe determine the Poſition of the Apſides, 
Fig. 3. Let A BPDC be the Orbit of the Earth, S the 
Focus in which the Sun is placed, E the other 
Focus: The Apſides A and P. Let B, C and D be 
three Places of the Earth in the Ecliptick, which 
are found by obſerving three Places of: the Sun to 
which they are oppoſite. At the Center F and di- 
ſtance F M, equal to the greateſt Axis of the El- 
lipſe, deſcribe the Circle MH E L, and ler the 
Lines F B, F C, FD produced, meer with the Cir- 
ele in the Points G, H, E. Draw likewiſe from the 
Focus 8, the Lines SB, SC, S D, as alſo S G, SH, 
and SE. We have the Angles BSC, BSD and 
Sb, for they are meaſured by the Arches of the 
Ecliptick intercepted between the Points obſerved. 
But according to this Theory, the Earth moves in 
the Perimeter of an Ellipſe in ſuch a manner, that 
ir deſcribes Angles about the Focus F, that are pro- 
—— to the Times: And therefore we ſhall 
have the Angles B FC, B FD, and CFD, 1 

| ea 
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zach of them ſuch that they may have the ſame Lecture 
proportion to four Right Angles, as the times XXIV. 
between the Obſervations has to the whole Pe- WOW; 
riodical Time. Moreover, twice the Angle F G'S,” | 
chat is the Angle FBS, is the difference of the 

Angles AFB and ASB: This we ſhewed before. 

And the double of the: Angle FH is the difference 

of the Angles AFC and ASC; the difference of 

the- Angles BFC and BS C, will: therefore be 

equal ro 2 FG S+ 2 F'H S. But becauſe we: 

know the Angles BHC and BSC, we know 

likewiſe their difference; therefore we ” haye the 

Sum of the | Angles F G'S and FHS. But the 

Angle F GS, is the difference of the Angles BFA; 

and GSA; and the Angle FHS is the diffe- 

rence of the. Angles H FA and HSA: Whence 

both the Angles FGS and FHS will be equal 0 

the difference of the Angles BFC and GS Hs 1 
But we have the Angle B F A, and the Sum of 4 
e ; che Angles F GS and FHS; and therefore we, 
the have the Angle GSH. In the ſame manner 

and we can find the Angle GSE. Alſo in the ſame man- 

joes ner the Angle F E S doubled, is the difference of 

e, ide Angles D FA and DSA; alfo the double of 

the the Angle F H S, is the difference of the Angles 

cher CF A and CS A. And therefore twice the Angle 

be Hk S — twice the Angle FHS will be equal to the 

lich difference of the Angles CF D and CSD; but we 

\ to bave the Angles CFD and CSD: And therefore 

di. we have half their difference, that is FES—FHS. 

El. But the Angle FES — FSH is the difference of 

the the Angles CF D and HSE, and we have gl 


Jr. Angle C FD; wherefore we have the An 

the Y HSE. We have therefore all rhe Angles at F, 
H, iz. BFC. BED, CF D, and all the Angles 
and at S, viz. BSC, BSD, CS D; as allo GSH, 
the 68S E, HSE. Theſe things being laid down. 
ed. EXPRESS the Line SH by any Number, 
in vi. 100000, and produce ES, till it meets with 
var the Periphery in L, joyn HL, LG and HG. 
ro- In the Triangle HSL, we have the Angle HS L, 
all he Complement of H £ E to two Rights : 2 
1 | 3 : rae, 


340 ASTRONOMICAL 

Lecture the Angle HLS equal to half the Angle HEE;  ;; 
XXIV. by the 20 Prqp. El. III. and the ſide HS 100000; F 
LY Wwherefore we ſhall find the ſide 8 L: Then in the ba 
75 Triangle 8 LG, we have the Angle L S G, the N mc 
complement of the known Angle BSG to twq, du 
Rights, and the Angle 8 LG, being half the An the 
E FG, by the 20 Prop, El. III. and the fide $.L; the 
therefore we ſhall find S G. And again, In the Fin 
Triangle 8 HG, we have the) fides SH and: tha 
8 G, and tlie Angle HSG 3 Eand conſequently ſee! 
we ſhall find the ſide HG, and the Angle Pla 
SHG. Ia the Iſoſceles Triangle H F G, ve be 
have the Angle HF G and the Baſe HG, where: till 
fore we ſhall find the fide HE, which is equal Wl it v 
to the greater Axis of the Ellipſe; as alſo the M $B 
Angle G HF,” which being ſubſtradted from the M Ph 
known Angle G H 5, leaves the Angle FHS WY oft 
known. Laſtly, In the Triangle F HS, having of 
FH ͤand H Sb and the Angle E HS, we ſhall find int 
the fide & F, from which ſubſtracting the Angle Ml air 
- HSC= FHS, there; will remain the: Angle CSF, per 
which ſnews the Poſition of the Apſides. HO N the 
THIS Method does ſuppoſe indeed that the ike 
Angles at the g ſuper lor Focus be always pro- and 
ortional to che Times, which is not true. Bur MW we! 
in the Orbit of the Earth, whoſe Eccentricity is Ha 
ſmall, the Angles that are really deſcribed at that l 
Focus, differ ſo little from the Angles that are thi 
proportional to the Time, that no ſenſible Errot the 
can ariſe from thence, in determining the Species MW inet 
and Poſirion of the Orbit. ſoll 
THE moſt Celebrated Aſtrononier Dr. Edmund 8 
Halley, from whoſe Labours Aſtronomy has re- 
ceived great improvements, hath contrived a Me- © 
thod, which depends on no Theory of the Earth's  --*/ 
Motion: From which, b. Obſeryations alone, the I '*- 

Form and Poſition. of the Orbit, are to be deter- 


* 
*, 


mined. -- ('# 1 (i EE 
rable xXxII SUPPOSE the Sun at 8, ABC D the Orbit 
Fig. 6. of the Earth, P the Planet Mars, who for this 
urpoſe is to be preferr'd or choſen before the others. 
Firſt obſerve the true time and place, when Mars il 
3 ü 18 N 


the Length of the Tranſverſe Axis, its Poſition and. 


* 


\ 
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is in Oppoſition to the Sun, for then the Sun, the Lectus 


Earth and Mars are in one Right Line; or if it 


happens (as ir often does) that Mars has any Lati- A Ad 


mde, the Sun, whe Earrh and * oy as re- 
iced to che Peliptick, are in a Right Line, I. 

ch Sun, the Farit and Mars, — Pace 

the Points S, A and P, in the Right Line S P. 
Since Mars his Period conſiſts of 1 87 Pays, after 

that time Mars will return to the Point P, and 

ſeen from the Sun he will appear in the ſame 
place as before, in which he was een alſo from 

the Earth: But the Earth does not return to A 

till after 7305 Days; and therefore when Mars is ? 2 


it will be in B. and will Obſerve the Sun in the Line 


B, and Mars in the Line BP. By“ obſerving the 
Places of the Sun and Mars, we have all the Angles 
öfthe Triangle PBS. And ſuppoſing P S co confi 
of 106000 Parts, we can find the diftance 8 B 
in thoſe Parts, as likewiſe its Poſition. After the 
ſame manner; When Mars has” finiflied anorher 
period, che Earth will be in C, ande can find 
the length of the Line S C and its Pofftion; and 
15 by the Fame Method anorher Line SD 
and its Poſition may be obtained: And by this 
means we are come to this Geometrien Problem. 
1 255 three Lines meeting in the Focus of an 
Ellipſe, all given in Length and Poſition; to And. 


ige diſtance of: the Foci: which Problem the Gb. 
meters ſhew how to conſtruct, and We in the 
following Lectures will like wiſe give its Folurion. 
r <1.07 9 3g. 35 av 
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LECTURE XXV. 
Of the. Equation of TIME. 


* LTHO' Time be in its own nature a 


| Th $ real Quantity, as being endowed with 
8 e chief Properties of Quantity, E. 


2 OY as Inequality and proportion; et 
; to ure this Quantity, we muſt have the 
Aid and Aſſiſtance of Motion, as a Meaſure to 
eſtimate and compare the Quantities of Times; 
and therefore Time, when it is conſidered - 
meaſurable, marks our ſome Motion: For if 
Things were at reſt, we could. by no mean 
know the Flux or. Quantity of ,Time, and the 
Duration of all Things would go on without 
Perception. 


vniform BUT becauſe Time | tly flows equally, 


Motion tbe 
E "oſt make uſe of {uch a Motion, as is in itself 


* 


and in the ſame manner, for to meaſure it we 


mple, - uniform, and always going on at the 
e rate; ſo that the Body which has this Mo: 
rion, at leaſt as to its Periods, may always keep 
the ſame force, and yet go 9 equal Spaces in equa 
e, 
FOR common uſe we muſt take that Mo- 
tion which is moſt remar able, evident to every 


the * fireft Body, and plain ro common, Senſe; ſuch is rhe 


Pr 


Motion of the Stars, and chiefly of the Sun and 
Moon, N. hich not only, by the common conſent 
of all Mankind, are agreed-upon for this effect, 


but by the Almighty and wiſe Creator of the 
ren 


— 5 15. 
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the Scriprures we read that God ſaid, Let there Ee@iire 
be Lights in ibe Firmament of the Heaven, to di- XXV. 
vide the Day from the Night ; and let them be \, | 
far Signs and for Seaſons, and for Days and Nears, 
And the Celeſtial Motions, and © 
chiefly by that of the Sun, are the Times right 
ly diſtinguiſhed and marked out. Who therefore 

are ſay that the Sun will not tell us Truth! 
The Aſtronomers are the bold Men who tell us 
ſo; for they by their nice ſearch into Things, 
have found that the Sun's apparent Motion is 
no ways equal; they obſerve that he now and 
then ſlackens his Pace, and afterwards quickens 
it again: And therefore Equal Time, which goes 
on always at the fame rate, cannot NN be 
meaſured by the Sun's Motion. 

HENCE. the Time which the Sun's Motion The di- 
ſhews, and which is called the Apparent Time, is ſtindion be- 
different from that Time which flows uniformly Trug = 
and always at the ſame Rare, which is called by Equal Time. 
the Aſtronomers. the True and Equal Time; accord» 
ing to which all the Celeſtial Motions are to be 
eſtimated regulated and ſettled. For upon the 
account of the unequal Motion of the Sun, and 
the Obliquity of the Eeliptick to the Equator, we 
have neither Days nor Hours Nenn, equal, as | 
we ſhall here ne. = 

I. HE Solar Day is that ſpace of Time which | 
paſſes, while the Plane of the Meridian of any | 
place paſling thro the Center of the Sun, by the | 
Earth's Revolution turning round its own Ax- | 


\ 


is, returns again. to the Sun's. Center; or it is the 

Time. between one Mid- day and the next which 
comes after. Now if the Earth had no other 
Motion but that round irs Axis, all the Day 
would be exactly equal to one another, and o | | 


8 


the time of the Revolution round the ſaid Axis. if 
Bur becauſe while the Earth is whirling round its | 
Axis, it is alſo going forward jn its, proper Mo- | | 
tion Eaſtward; when any Meridian has compleated | a | 
Us Revolution, after having paſs'd the Sun's Cen | 
ber, its Plane, wil not have then paſſed chro the | [8 
TS uns 


— 
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is plain by the Figure. For let the $66 
B a portion of the Ecliptick; let b 
preſent any Meridian, whoſe Plane pro. 
| , paſſes thro the Sun when the Earth is i 
Fig, 1. A: Let the Earth proceed in its Orbit and com 
to B, while it has compleated a Revolution round 
its Axis; and then the Meridian M D will be in 
the Poſition m d, parallel to the- former M D;; and 
_ conſequently will not as yet have paſſed thro' the 
Sun, nor will the Inhabitants under that Meri 
dian have had their Mid-day. But the Meridiah 
dm with its angular Motion muſt ſtill go on be 
fore its Plane can paſs thro the Sun, and muſt 
_ deferibe the Angle 4B f. And therefore all the 
Solar Days are langer than the Time of one Re. 
volution round the Earth's Axis. If the Planes af 
all the Meridians were perpendicular ro the Plage 
of the Earth's Orbit, and the Earth deſcribed th 
Orbit with an equal Motion, after any Meridia 
had compleated its Revolution, becauſe M9 
and md are parallel, the Angle d By would be 
equal to the Angle BS A, and the Arches Af 
and AB ſimilar: And becauſe the Time, ate 
always equal, the Arch AB. and the Angle 
4B would conſtantly be of the ſame Quanrity, 
and all the Solar Days would be equal to one-atio- 
ther; and then the apparent and equal Tim 
would agree But neither of theſe two Caſes 
have place in Nature; for the Earth does nct 
oceed in its Orbit with av equal Motion; but 
in its Aphelion it deſcribes a leſs Arch, in its Peri- 
belion a greater. And moreover the Planes of 
the Meridians are not perpendicular to the Eclip. 
Tt # pro- tick, but to the Equator : And therefore the Time 
Sal that the of the angular Motion 45 F, which beſides 
areuncqua, the intire Revolution is to be added to the ſpact 
of a Solar Day to compleat it, is not always 
of the ſame quantity; whence the Solar Days 
_ — oed nem 
nate n B U T perhaps this may appear plainer, if ve 
by the appa- paſs from the real Motion of the Earth and con- 
dhe dun. Ader the apparent Motion of the Sun ; for it 1s 


55 


/ 


Sug Why bis apparent an; that we fy the 2 
Jpparets - Time. And therefore jou muſt/ ob- . 
ſerve. that the Natural Solar Day is, that ſpace of . 
Time, in which, by the Revolution of the whole 
Heavens, wh ch: is called the Reyoluciog. of oO, 


Primm Mobile or of the firſt moveable | O 
the whole Circumferenge of the Equaron, paſſes. .-. . 
through the Meridian; and alſo. ſo much. moe. 
of the ſame Circle as anſwers to the eech 
Motion of the Sun 00. the. Eaſt, in the mana. 

while. 
BUT the Arch of: the Equator paſſi ing theo” The dinr- 
be: Meridian; is not always equal. to. the corre- 2 3 
ſpondent Arch of the Echprick which. paſſes thro'.uator are 
the ſame in the ſame time; but is A big-, 2 equal to 
ger, and ſometimes leſs, than-i it, eyen.tho'.rhe Sug's Ong 
lane MW Motion were equal in the Ecliptick: The difference the Ecliß- 
"this MW between them ariſes from the oblique Yofaripg of *ick 
lian the Ecliprick to the Equator, as is plain by the,Table xxiv 
0 Figure. Suppoſe VS a Quadrant ofthe. Fel Fig. 2 
be ick, and YE a Quadrant of che Equator. Sup- 

Af poeſe the Arch VA to be one Degree, which is 
ate nearly equal to the diurnal Motion of the Sun in 
Ale the Ecliptick; for his mean Motion is 59%, 8; 
ity, Let A B be an Arch of the Circle of Declination 
506. paſſing thro the Sun in A, and intercepted be- 

zm tween the Equator and the Ecliptick, In the 

aſes WO right- angular Triangle Y B A, having the Gde 

nt MY A Degree, and the Angle A VB, which, is the 

but Inclination of the Ecliptick to the Equator, and is 

ri. nearly 23+ Degrees, we ſhall find the fide V B 

of 55“ 1“, almoſt 5“ leſs than the Arch YA. Again, 
p- ſuppoſe the Arch of the Ecliptick V C 897. From 
me thence we ſhall find the Arch of the Equator | VD 
les 88. 54. 34” ; bur when the Arch of the Ecliptick 
ce S is 90 Degrees, then AE, the correſpondent 
ys I Arch: of the Equator, is alſo 90 Degrees, And the 
ys |} difference of the Arches YC, YD is 10. 5'.26”; And 
de difference of the Arches of the Equator V B 
ve and DE is 100. 25”, altho' the Arches of the Eclip- 
n- tick YA and Co which anſwer to them are 

is equal. From which it is evident, that the Arches 

of 0 


xy 
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Lecture of rhe Equator anſwering to equal Arches of ths 
XXV. Ecliptick are unequal : And rherefore the diurnal 
WW Arches of the Equator which paſs through the 
| Meridian are unequal; but they meaſure the 
Solar Days: Wherefore the Solar Days are unequal. 

The ſecond B U T the Obliquity of the Ecliptick is not 
Cauſe of the rhe only Cauſe of the Inequality of Days; for 
of the very apparent Morion:of the Sun in the-. 
cliprick is unequal ; for he proceeds more flowly, 

and ftays longer in the Northern Signs than in tie 
Southern, by eight intire Days: And therefore if 
tthete were no Obliquity of ehe Ecliptick, by this 
cauſe alone the diurnal Arches of rhe Equator could 

nor be equal. And therefore their Inequality will be 

much greater, upon account of theſe two "Cauſe 
concurring together; that is, the unequal Motion 

of the Sun, and the Obliquity of the Ecliprick; 

which tho' they are ſomerimes contrary to each 

bother, and fo diminiſh the Inequality ; as it hap- 

pens when the Arches of the Equator decreaſe 

on the account of the Obliquity of the Eclip. 

tick, but by reaſon of the Sun's approaching 

the Perigæon they increaſe, and on the contrary: 

Yer ſomerimes rheſe two Cauſes concur to in- 

creaſe the Inequality, and neither of them de: 

. one on the other, but each of them by itſelf 

8 i& Bffec rk. „ 1789 


SINCE therefore the apparent Motion of the 
Sun to the Eaſt is unequal, it cannot be a fit 
meaſure of Time, which ſhould always go on at the 
fame rate. And therefore the natural and appa- 
rent Days are no ways to be applied to meaſure 
the Celeſtial Motions, which do nor depend upon 
the Motion of the Sun: Therefore the Aſtronomers 
found it neceſſary inſtead of rhefe Solar Days to 
ſubſtirure 'in their place others that were equal, 
and a mean between the ſhorteſt and the longeſt; 
and by them to diſtinguiſn the Celeftial Motions. 
And when theſe Motions have been computed 
according to the Equal Time, it is neceſſary to 
turn that Time again into the Apparent Tine, 
: that theſe Motions may be obſerved by. us who 
tie e LY mea- 


LEC UAE 


an Ecligſe were obſerved according to the | Appa- 


Tables were to be examined, to ſee if they did 
agree with it or not; it will be neceſſary. to turn 
the Apparent Time into Equal Time, otherwiſe the 
obſerved Phenomenon will differ from that which 
is found by Computation. 1 | 
BECAUSE we know no Body in Nature 
ould WI which preſerves conſtantly a perfect uniform Mo- 
il be Non; and yer ſuch a Motion is only proper to 
uſes meaſure equal Days and Hours: It is convenient 
tion Wro imagine ſome Body or Star which moves in the 
ck, Equator Eaſtward, and which never quickens or 
each lackens its pace, but goes thro the Equator in 
dap- N preciſely the ſame time as the Sun finiſhes his Pe- 


177 


wenſure and number our Times by the apparent Lecture 
Motion of the Sun. And on the contrary, if XXV. 
any Appearance in the Heavens, as for Example, WYSV 


rent Time, and according to it the Aſtronomical - 


cale Wriod in the Ecliprick. The Motion of ſuch a Star 


lips N will ci ghtly repreſent equal Time, and its diurnal 
ung Motion in the Equator. will be daily 59'. 8”, the 
17. WW fame as is the mean Motion of the Sun in the 
n. Ecliptick: And therefore the equal and middle 
Day is to be determined by the arrival of this 
felt Star to the Meridian, and is equal to the Time 
in which the whole Circumference of the Equa- 
the WW tor or 360 Degrees paſs the Meridian; and be- 
fr WF Gdes that 59'. 8“: And becauſe this Addition of 
the 59“ 8”. always remains the ſame, all theſe mean 
pa- Days will be conſtantly equal ro each other.. 
ute SINCE the Sun goes unequally Eaſtward ac- 
on. cording to the Equator, ſometimes it will come to 
ers the Meridian ſooner than this imaginary Star, and 
to FF ſometimes he will touch it later than it does, and 
al, the difference is that which is between the True 


t; and Apparent Time. And this difference is known 


ns. by having the place of rhe imaginary Star in the 
ed Equator, and the point of the Equator which 
to comes to the Meridian with the Sun; for the 


, Arch intercepred between them being converted 
0 into Time, ſhews the difference between Equdl 


a- and Apparent Time, which is called the Equation 


318 ASTRONOMICAL: 

Lecture of Time. And it is the Time that flows, Whil 

XXV. the Arch of the Equator intercepted between dhe 
2 point determining the Right-Aſcenſion of tlie 

and the place of the imaginary Star paſſes the 

Meridian. 2 7 6 bee DES RMS: "yt 

LET KE be a portion of the Equinoctia 

E C of the Eechprick, in which imagine S to be 

the place of the Sun, SA a Circle of Declim. 

tion paſſing thro the Sun, and meeting with the 

Equator in A, which will be the point which 

comes to the Meridian with the Sun. Suppoſe 

m to be the place of the imaginary Star which 

performs irs Period in the Equaror with an equals 

Motion: And when the Sun has arrived at the dis“ 

Meridian our imaginary Star will be diſtant from 

it, — the Arch m A; and if the point m be Eaſt 

ward of the point A, it will come later to the 

Table xxIV Meridian than it, and the apparent Time will be 

Fig. 4+ faſter than the mean; but if the place of the 

Star m be more Weſterly than A, it will ſoonet 

arrive at the Meridian, and the Apparent Tims 

is flower than the mean. And the Arch of the 

Equator Am converted into Time is the Equa- 

tion, which being added to or ſubſtracted from 

the Apparent Time gives the true, according as the 

point m is to the Eaſt or Weſt of the point A; 

and then we have the true Time. For to know 

| the poſition of the point A in reſpect of m, and 

The Equa- the Quantity of the Arch A m, take in the Equa- 

— * tor the Arch Y s or = s equal to the VS of 

s of two = S in the Ecliptick; and then the Arch m vil 

Parti. be the diſtance between the true and mean place of 

the Sun, which therefore is given by the Sun's Ano- 

maly ; but the Arch AS is the difference between 

the Hypothenuſa VS of the Right-angled Trian- 

gle VSA, and its fide or Baſe VA, which may 

found by Trigonometry. Moreover, the Arch 

Am is equal ro either the Sum or Difference 

of the Arches As andsm; and therefore when 

they are known, the Arch Am will be likewiſe 

known, | | 


MOREO- 


wal MORE OVER we muſt obſerve; that in 


nth be firſt and third Quadrant of the Ecliptick, the XXV. 
- Sun point 5 falls upon the Eaſt fide of the point A: 


the And therefore the Arch As being turned into 


ae, is re be ſubſtracted; becauſe the point & 
ig comes later to the Meridian than the point A 


o does. Bur in the ſecond and fourth Quadrants the 


Point 5 is more Weſterly than A, and arrives at 
| the che Meridian before it: And therefore the Arch 
rhich A turned into Time is to be added, for to get 
ppoſe I tbe Time when the point S arrives at the Meri- 
dian. Suppoſe for Example A, be two Degrees, 
25 it is when the Sun is in the 20th Degree of Y ; 
this Arch turned into Time is 8 Minutes: And 


from Miberefore we muſt add 8“ to the Apparent Time, 
Eat. Wor to have the Time when the point S comes to 
" the che Meridian. dls cata wh 

de MOREOVER in the firſt Semicircle of 
the MAnomaly, that is while the Sun in this preſent 
oner Age goes from the ſeventh Degree of & to the 
Tims eventh of vw, the mean Motion of the Sun is 


greater than its true Motion; therefore then the 
niddle place precedes the true place. And there- 
fore in all that Semicircle the point m will be to 
the Eaſt of the point s ; and the Arch , turned 
into Time, is to be ſubſtracted from the Time 
hat the point S reaches the Meridian: But in the 
ther Semicircle of Anomaly, after the Sun has 
left the Perigæon, or rather the Earth the Perihe- 


a- 
* ion, the mean Motion is leſs than the true, and 
will chen the mean place follows the true; and con- 
e of equently the point m is to the Weſt of rhe point 


$, and comes ſooner to the Meridian than it 
does: And therefore the Arch ms turned into 
Time, is to be added to the Time in which 8 
touches the Meridian. Having now the diſtance 
of Time between the coming of the point m to the 
Meridian, and the coming of the point S to the 


jen ame; as alſo the diſtance of Time between the 
iſe Natrivals of the points s and A to the Meridian, 
we ſhall have the diſtance of Time between the 
coming of the point m to the Meridian, and - 

the 


- 
- 5 


ASTRONOMICAL 
he point A's arrival to the ſame; that is, we 
V. ſhall have the difference between the Apparent an 
rue Time, which is the Equation of Time. 
- FOR the. equating of Time the Aſtronomer; 
ting * compoſe two Tables, one for the Arch s m, which 
Tin is to be entered into with the Anomaly of the 
1 Sun: And if the point m be Weſtward. of the 
point , they mark it with ＋ or, the. Sign of 
Addition ; but if ir be on the other fide, they 
place — or of Subſtradtion. The other Table is 
or the Arch s A, which is the difference between 
the place of the Sun in the Ecliprick and his 
Righr- Aſcenſion. And the Equations of this Ia. 
ble are likewiſe marked with the Signs of Ad- 
dition or Subſtraction; as the point s is to the 
Weſt or Eaſt of the point A. The Sum of theſe 
twb Equations, if they be of the ſame kind, that 
is, both to be added or both to be ſubſtracted; 
or their difference, if their Affections be of diffe- 
rent kinds, make up the abſolute Equation of 


Time. | | 
The Tem- TH E Artiſts likewiſe make «Table compo- 
perary Ta- fed of both the former; bur it will only ſerve for 
DRY a time: Yet it may be ufed for a whole Age with- 
out any ſenſible Etror ; for the ſame Degree of 
Anomaly keeps nearly in the ſame Degree of the 
Ecliptick rhe ſpace of an Age: And therefore for 
the ſpace of 50 Years theſe two Equations may 
be joined in one. Bur becauſe of the Præceſſion 
of the Equinoxes, the Sun's Apegæon in procel 
of Time changes its place in the e N aud 
goo Eafterly with the Fixed Stars: And there- 
ore in different Ages the ſame DegtE:s of Ano- 
maly will fall upon different Degrees of che Eclip- 
tick: And therefore one Table will nor ſerve for 
all Ages. 


hen the I H E imaginary Star, by whoſe equal Mo: the | 


1 tion we meaſure Time, goes conſtantly and uni- 


longer than formly forward to the Eaſt: But the point A 
the mean, which determines the Right-Aſcenſion of the Sun; 
and marks out the apparent Time, has as it were 
4 Libration, or goes backwards and * 4 
IE relpe 


—— 


bb r | : 2 
+ LE CTU REST 2 
reſpect of m: Sometimes it. gets to the Eaſt of m, 
and ſometimes is to the Weſt of it, and ſometimes 
coincides: with it. And therefore when the point 
A has its relative Motion in reſpect of m Eaſt- 
ward, the pbint A is more Eaſt than the Star m, 
and then the Days are longer than the mean 
Days, which are meaſured by Equal Tim#; and 
the faſter the point A goes to the Eaſt, ſo much 
the longer are the Solar Days: For beſides the 
Revolution of the whole Heavens, the Arch to 
be N make 2 the Solar — is greater, 
becauſe the point A goes à greater ſpace Eaſt- 
ward. Hence it follows, 2 ſoo ee re- 
ative Motion df the: point A begins to be Eaſt- 


ward, the Solar Days begin likewiſe ro be- lon- 


ger than the mean Days. I ſpeak of the relative 
Motion in regard of the point m; for the ab- 
folite Motion of A is always Eaſtward: But 
when the poi A is gone its fartheſt diſtance 
from m to the Haſt, then it begins to come back 
zpain to m, and has its relative Motion Weft- 
ward ; But before chat, the point A will be for 

a while ſtationary in reſpect of m, in the middle 
Time between its Receſs and Acceſs; and then when the 
the Solar Days will be equal to the mean Days 3 5, and 
and in theſe Points the Equations will be greareſt; yn 
When the Motion of the point A ro: the Eaſt 8 
s quickeſt, there the Days become the longeſt.; 

and where it is the floweft, that is, where the 

Motion relative to m is Weſtwafd and greateſt, 

there the Days are ſhorteſt. In the preſent Age 

wherein we live, when the Sunis in the 10th Degree 

of Scorpio, the paint A is at irs fartheſt diſtance 

from m to the Weſt of it; and its diſtance then 


amounts to 45. 2. 45”, and therefore the great> 4 whit 


eſt Equation in Time is 16“. 11”, From thence times of the 


the Days begin to egcreaſe, till the Sun comes Tear the R. 


0 . N tions are 
to 22 Degree of Aquarius, where it has gone grecefl. 


tu its fartheſt diſtance from m Eaſtward; it be- 
ing there rempved 3 Deg. 424+ Min. whence the 
greareſt, Equation of Time is 15. 50“: And from 
thence. the 3 of the eint A be- 
i 2 h Zins 
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3 AS TRONYO MTC AE 
NN gins again to be Weſtward, till the Sun comer 
CV. to the 24th Degree of Taurus" or the Bu; and 


| N there the point A is removed. from m 1 
. Min. to the Weſt af the Star m, and tie into 
a greateſt 2 Equation of Time is 7 * 68005 Thence it ate p⸗ 
returns again to m, and moves Eafterly;//till the Wand 1 
Sun comes into the 3 Degrees of the Ln, Mon wl 
0 where A is diſtant from in 1 Deg. 28 7 Miu. Nes of 
and the - greateſt: Eguation of Time is 3“, 53" Mrojec 
Ind from thence its Motion begins to be to the Meach 
\ Weſt, rill the; Sun arrives ar the forth of te eck 
Ftorpion 3 and thereabouts it changes its Courſe ide 8 
: and goes. Eaftward; It is plain; that when the Wrillelc 


Points A and m coincide, that there the mean Neular 
and Apparent; Tinie muſt like wiſe coincide; Hege Ide 2 
if we have 4 Pendulum Clock accurately and Mdinat 
nicely fitted, and the Motion of the Hand ſet 
to equal or True: Time, the 'Handiof thſs Clock 
will always point out the Time diſſttent from ile 
Solar Time ſhewed by a Sun- Dal; extept font 
times à Near, which is about the 47h of An 
the 6b of Fune, the 20th of Auguſt, and the 130 
of December. Ar all other Times the Hour b 
n the Sun-Dial will either be before or later than 
that ſhewed by the Hand of the Clock: And 
about the 23d of October the Clock will differ 
moſt of all from the Sun, Where its Motien 
flower than the Solar Time by 160 11 i 4 
IF you inquire in what Points the Equations 
are the greateſt, the eminent Dr. Edmund Halt) 
who for his great Inventions is never to- be men. 

= tioned by Aſtronomers withour Horiour; has giben 
1 us the Solution of this Problem. But to under. 
i} ſtand it We muſt firſt: lay down the ' following 
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IF am plain Figure be proſedted Orthographi- 
cally on 4 Plane; which # done by letting fall from 
I every | point F it Perpendiculars on the Plane of mer 

„„an 
3 818 | i - LL 8 


oif'be 10 %% Figure prejetted, di rhe Coxfent of the Lecture 

helination of the Plants is to the Raiuůn.˖˖ NN. 
FOR any Figure can alu be reſolred Www - 

into Parallelograms or Triangles, whoſe Baſes N 

ite parallel to the common Section of the Planes 

and therefore they will be parallel: col the Plane 

on which they are prejected : Wherefore! the Ba- 

Min, Nes of theſe Parallelograms or Triangles, and their br 

5 Nrojections on the Plane, are always equal r | 

the each other, and parallel, as we thaverdthewed in 

-che MWirfure XIII. But the Perpendiculars fer fall from- 

wurſe de Summits ot Tops of the Triangles and Pas; 

"the Mallelograms upon the Baſes, are alſb perpendi- :- 

lean Halar to the common Section of the Planes, by; 


— 
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ener Wihe' 29% of the firſt” El. And therefore the Ini 
an dination of the Perpendiculars to the Plane iw 
"ſe Medual to rhe Inclination of che- Planes ro each 
| aher. And conſequently, the Ptojections of theſel : 


terpendiculags/ will be to the Perpendiculars} -.< 
themſelves, as the ' Co-fine of the Inclination Ff: | 

he Plane is to the Radius. Wherefore every; 
larallelogram or Triangle is projected into ano“ 
ther, whoſe + Baſe is equal to the Baſe of the & 
Triangle or Parallelogram 58 z' and it E 
teighr is to the height of the Figure projected. . 
"rhe Coſine of the Inclination — = 
ro the Radius. But Triangles and Parallelos: 

mms whoſe Baſes are equal, are as rhe Perpendi- . == 
lars let fall from the Tops upon the Baſes: bays 
The Projection therefore of each Triangle is co 

le Triangle projected in a conſtant and given . {2 8 
foportion.z conſequently all the Projections of all?! | 
he Triangles 'or- Parallelograms are to the Fi- 

tures ptojected in the ſame Proportion 3 that is, 

the Projection is to the Figure projected as the 


Co-fine of the Inclination is to the Radius. 

II che Orbit of the Earth be Orrhographi-- 

y projected on the Plane of the Equator, by | 4 
n ering fall from each of irs Poides Perpendieniars s 2 


the Projection will be an Ellipſe, in whoſe Pe- p 
meter the Extremity of a Right Line ler fall, 

tom the 8 to che Plane 2 

at 1 SED / 2 , * le 


4ST RO NO MT CAI 


Lecture the Equator, will conſtantly move: And this 


point by its Motion will mark out the Right- 


WYWV Aſcenfon of the Earth, or its Motion according 


to the Equator, as it is to be ſeen from the Sun; 


e which the Rigbt-Aſcenfon of che Sun ſee 


Plate XXIV. from the Earth is always equal. Ler-V A A 
Fig. 3. be the Ellipſe in which the Orbit of rhe Earth 


xs projected, S the point of Projection of . the 
Sun's: Center, VS t the common Interſection of 
rhe Equator and the Ecliptick, A any point, 
where a Perpendicular from the Earth meets with 
the Projection: The Angle YS A will meaſun 
the Righr-Aſcenfion of the Sun. Now I ſay that 
this point A which marks out the Motion of 
Right-Aſcenſion, will ſo proceed in the Ellipſe 
A C, that it will deſeribe about the point 
S Elliptick Areas proportional to the Times 
For in a given Time let A move thro the E. 
liprick Arch A B; draw the Lines AS and BS; 
and the trilinear Figure AS B will be the Pro, 
jection of the correſpondent Area which the Earth, 
deſcribes in the Plane of the Ecliptick, in the 
ſame Time, round the Sun: And therefore the 
Projection A S B will be to the correſpondent 
Area in the Earth's Elliprick Orbit, as, the Co- ſine 
of the Inclination of the Equator and the Eclip- 
tick is ro the Radius. But in the ſame Propor- 
tion is the whole Elliptick Area VA C t 
the whole Area of the Earth's Orbit: There: 
fore by Permutation of Proportion, the trilineal 
Figure A 8 B will be to the whole Elliprick J. 
tea VAC, as the Area deſcribed in the Earth; 
Orbir round the Sun is to the whole Area of 
the Earth's Orbit; that is as the Time in which 
chat Area in the Orbit of the Earth, or the 
Area AS B in the Projection, is deſcribed, is to 
the whole Periodical Time. Therefore the point 
A moves in the Perimeter of the Ellipſe at ſuch 
a rate, that it deſcribes about S Area's that are 
eontinually proportional to the Times. 
THE ſame things being laid down; at the 
Center 8 and diſtance SA, which is a mean 


propor 


. Fig. 6. 


1*1 
\ 


the, Area's of thi 
replas Sectors, de- 


Tune ang, rhe point 
ight-Aſcenſion, in the 


| 8 the Angle MS will be leſs than the Angle 
M A, and the difference of the Angles mea- 
Clips lured by the Arch m A, which is the Equation 
Per: Time. When the point which marks out rhe 
Joh ent Aſcenſion of the Sun comes to the Inter- 
— ertion E of the Circle and Ellipſe; there its 
L gular Morion round the Sun will be equal to 
the angular Motion of the point n; for the A- 
m3 Frea's mSn.and AS F are equal, they being both 
deſcribed in the ſame Moment of Time, and at 
the ſame diſtance, from S; and conſequently the 
arch 4 F is equal to, the Arch m n. In che point 
therefore F, the Motion of ight-Aſcenſion is E 
equal ro the Motion of the imaginary Star, or 
equal to the mean Motion. The ſame thing rr 
are ide ſhewed at G, H and E: But it was ſhewed 


te (fore, chat where the Motion of Right -Aſcenſion, 
an! * 3 | was 
> 


un chat $6" de Morin of- the Pant he U 
V. 55 the Equ 


1 
" * 
* 

4 ro 


which are IF you inq 


are longeſt yi. M7 RT 
4 bez the Earth's, Orbit 
ſhone. © of the Sun's Ct 


. 
” «+ & 


| Thro G draw G F, and thro H draw F H pa. 
rallel ro the Lines & W and Y =; and trol _ 
S and K deſcribe the Hyperbola A B whoſe Aſymp:MW _. 
tots. are FG, FH. This Hyperbola and irs op. 
poſite C D will cut the 1 in the points 
that are required; that is, when the Sun is i 
the points of the Ecliptick which correſpond with 
P and D, then the. Days are rhe longeſt; and 
n B the Days are longer than in D: Bur the 


9 
. 


ints of the Ecliptick which anſwer to A and 

Cc give us the places where the Days are ſhor-}W |# 
 eft. The Demonſtration; of this depends on the 

Motion of the point that marks the Right- * 

dcenſion of the Sun round S; for it defcribes about 

it Area's that are e to the Times. There G 

fore the angular Velocity is every where rect 18 

p 

k 

0 


procally as the 0 the diſtance from S; con- 
ſequently the Velocities muſt be greateſt where 
theſe diſtances are leaſt; that is, where the leaſt 
Lines that can be drawn from 8 fall upon the 

Ellipſe; and the Velocities are the leaſt where | 

the Lines drawn from S to the Ellipſe are the b 
greateſt: But by the Conſtruction, and the 62d Prop. 

Lib. V. of Apolloni uss Conicks, it is evident that the F 

Hyperbola's will cut the. Ellipſis in the points - : 

0 | and 


tion being ſloweſt in C and A, che Days will 


i, DEWPDORES% 


ate che greateſt; and in the points B and D, 


where the Right Lines 8 B and $ D ate the leaſt: 
For in theſe points the Lines S A, 8 N SC, SD 
ire perpendicular to the Curve. Hence the Mo- 
tion of the Sun, /\actording to his Right-Aſcens 
fon, will be quickeſt in B and Di; and rherefore 
the Days will be then the longeſt: And the Mo- 
be there the ſnorteſt. N ng 55 is Tore 
r. 299610 251111052054) DAB - AINIODIQU 
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. M dining on, 7 + 
Of the Theories of the other Planets, 


D FT ER having explained the The> 
= ory of the Earth's annual Motion, 
and ſhewed the Methods by which 
E the Form of its Orbit, and the Po- 
tion of the Apſides are determined, 


— 


may then by the help of Aſtronomical Tables 


compute” for am) time the place of the Earth in 
the Ecliptick ſeen from the Sun, and its oppo- 
ſite point in which the Sun appears to be, as hge 


is obſerved by us. We will now come to ex- 
plain the Theories of the other Planets, rhe 
knowledge of which cannot be attained with 


out the Earth's Motion being perfectly known, 1 I 

BUI the Periods of rhe Planets or the Times cenrick = 
Jo's 8 4 P 1 Lt Gam oa 4 \ N ; deen | 
they take ro compleat their Circulations are ren 17 
Planet that. 
i in Oppo- 


Ktion to the 


be found out in the firſt place. For which 
purpoſe we muſt obſerve, that when any ſupe- 
rior Planer comes to an Oppoſition * with the 


+ ; Sun, cide. 


- 


How to 
find nearl 
the Periodi- 


cal Time of 


4 lau. 


ov} 2 


. . 


ASTRONOMICAL 


; - Sun, they then appear in the ſame point "of the 


78 liptick;/ſeen from the Earth, as they would 
do if the Eye were in the Sun and obſerved 
" them from thence ; as alſo: the inferiour Planet 


* when. they. are in Conjunction with the Sun, and 


are obſerved in the Sun's Disk: If there were 


an Obſerver. i in the Sun, he would ſee hem in 


the oppoſite point of the Ecliprick in which we 
behold them: And therefore when ever a ſupe- 
riour Planet is in Oppoſition tothe Sun, his He- 
liocentrick and Geocentrick places coincide : But 
when an inferior Planet is in Conjunction with 


the Sun, and is ſeen in his Disk, the Heliocen- 


trick and Geocentrick Places are oppoſite to each 
other. Moreover in the inferiour Planets, when 
they are at their greateſt Elongations from the Sun, 
the Angle ar the Sun's Center, contained berween 
the Right Lines drawn to the Earth and Pla- 


net, is nearly the Complement of the Elongation: 


For in Orbits which are nearly circular, a Line 


touching the Orbit is almoſt perpendicular to the 
Line drawn from the Sun ro, the point of Con- 


ract: And therefore that Angle will be given. 
But we have the point of the Ecliptick in which 
the Earth is at that time ſeen from the Sun; 
and conſequently the point of the Ecliptick in; 
which the Planer is ſeen, from the Sun. And 
rherefgre in theſe Poſitions we bare the Helio- 
centrick places of the Planets. | 

I F then any ſuperiour Planer, as for Example; 
Jupiter were obſerved when he is in Oppoſition 
=ro the Sun: And again, if he were likewiſe ob- 
ſerved when he comes next in Oppoſition to the 
Sun, we ſhall have that Arch which the Planer 


5 Ip the 


4 . * — — — - NR — — — 1 4 
* 
F ” 
o - 
- - * ” 
* 
- | 
, 1 * % - - : 
> of ry * 9 * 
| X 8 2 
* * 1 ' * 
4 ”Y en 
bd ” 
* 
P * 8 
i i. / 1 4 
4 ? 
» * Fx 1 1 
* 
* 1 
* . 
- * 
* 1 
”. 
£ 
A 
4 
„ 
* 
7 
* 
* 
/ 
in - 
i 
* 
* 
. * 
n 
* * 
* 
- a 7 x - 


3 4 cee, of 
e Calculation ſuppoſes that the Motion of the Leue 
Planer is in 4 Circle, and that tchro the whole 
period it is uniform, which is not true. 04-4 3 
THE following Method for finding the Pet 4 more 
riodical Times is more accurate. Obſerve a . 
net twice ſucceſſively in the ſame? Node; that ending 4 
is, let there be two - Obſervations,” when che fans. 
Planet about the ſame part of its Orbir has no 
Latitude; which can only happen when the Pla- 
net has really no Latitude, and is placed in its 
Node: The Time between the two Obſerva⸗ 
tions will be equal to the Periodical Time of the 
Planet. For becauſe: all the Planets move in Or- 
bits whoſe Planes are different from the Plane 
of the Ecliptick, and the Sun is in the com- 
mon. Focis of all the Orbits, theſe Planes will 
all cut the Ecliptick in Lines which paſs thro 
tbe Sun, and in the Interſections of theſe Lines 
with the Ecliptick are the Nodes; and the Planet 
in the whole time of its Period can never be 
obſerved but once in one and the ſame Node. 
Now the Nodes are either at reſt, or they have 
a very flow Motion, ſo that for the ſpace of one 
Period they may be eſteemed as at reſt. And 
therefore if we know the time between two ar- 
rivals of a Planer at the ſame Node immediately 
following each orher, -we ſhall likewiſe know the 
time of a Planer's Period. 
B Y the very ſame Obſervacioin, if we ay | 
the Theory of the Earch's Motion, we can find 
the Poſition of the Line of the Nodes or che 
points of the Ecliprick, in which that Eine does 
interſect it. Ler AT'B be the Orbit of the Earth, . | + 
CN D- the Orbit of the Planer, NS» the Line on . v5 
of the Nodes; and in the firſt: Obſervation ſup- 
poſe the Earth in T, and the Planet to be obſerved | 
in N: And becauſe: the place of the Planer ſeen Table XXV. 
tom the Earth is known by Obſervation, and Fs: 1. 
the apparent place of the Sun, at the Time, is 
known by the Theory of the Earth's Motion; 7 
ve have the Arch of the Ecliptick between the two 
aces, or the meaſure of the Angle N TS. EI 
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330 ASTRONOMICAL. 
ure the ſecond, } Obſervation let the Barth be in 
XXIV. VE The arg ty: the 8 and we 
* all have by the ſame way Angle NS. In 
| . the tighr-lin d Triangle TS e we have the fides 
15, e 8, and the Angle J Se, which is knoun by th 
the Theory, of the Earth; therefore by Trigons. W N 
3 we can find the Angles S Ex — S. T, iu 
as like wiſe the fide : T: Therefore from the known pj 
Angle S Te take away the known Angle 8 TN. ö 
and we ſhall have the Angle NT. To 'the 
known Angle n add the Angle S T, which 
was found our, and we have the Angle NI. 
Then in the Triangle N- T we have all: the 
Angles and the fide : T; conſe quently we ſhall 
have the ſide NT, the diſtance of the Planet 

| from the Earth at the firſt Obſervation. \Laſtly, 
in the Triangle, NTS we have the ſides N 
of T S, and the Angle NTS which was known 
824 1 2 K. | Obſervatien: .z; conſequently we ſhall find 'the 
y 25 NS the diſtance of the Planer from the 
when he is in the Node, and the Angle 

18 N which ſhews the Poſirion- of the Line of 
the Nodes; for that point of the Ecliprick which 
the Earth is in, ſeen from the Sun at the time of 
the Obſervation, is known; and the Angle TN 
is likewiſe known: Therefore we have the point 
of the Ecliptick N, in which the Node is pla. e 

ced ſeen from the Sun; and the point » oppoſite I g. 

to ir will be the place of the other Node. And |; 
therefore the Poſition of the Nodes is found. | 

To 3 THE Places of the Nodes being once deter- 
Teclination minsd, we ſhall eaſily find the Inclination of the 
42e 07h te Plane of the Planers Orbit to the Ecliprick : For 
tbe Eclip- having the Places of the Nodes, we can find the 
tic Time when the Earth ſeen from the Sun is 10 
plate xxv. One of them. At the ſame Time obſerve the Gev- th 
. .cextrich, Latitude of the Planer, and his diſtance ] 
from the oppoſite Node: Then the Geocentrick La- O 

titude of the Planet is equal to the Heliocentrick pl 
Latitude it will have, when ſeen from the Sun 5. 

at the ſame diſtance from the Node; that is, make S 


195 a Angle ns ? equal to the Angle A NP, ter the 
| ati- 


I: z 1 TUN BN 


Latitude of the Planet at y obſerved from 8, will be Lechue 
equal to its Latitude at P obſerved” from N. För let XXIV. 


CPD be the Orbit of rhe Planet, NS the Line A 


of the Nodes, BN T a Portion of the: Orbit of 
the Earth, in which ſuppo 
N in ide Line of the Nodes, and the 


Plane of the Triangle NPE will be Perp 


net in 
its Orbit to be at P; 0 and then the Suti Earth and : 
Planet will be All” in the Plane of the Planers 
Orbit! From the Point P on the Ecliptick's Plane 
let fall the Perpendicular PE, and in the Plane 
of the Ecliptick draw the Line NE; then I 


ſe the Earth to de at 24 AY 25 


: . 
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dicular ro the Ecliptick, and the Angle P NE | 


will 'be the viſible Latitude of the Planet ſeen 
from' the Earth. Through 8 draw Sp patallel 
to NP, and pe parallel to PE; and the Plane 
through. Sp and yr will be parallel“ to the Plane 
NPE; and cdnſequently perpendicular to the 
Plane of the Etliprick ; and therefore St the com- 
mon Section of the Ecliprick with this Plane will 
be parallel to NE. And becauſe NP and NE 
are parallel ro Sp and Se, the Angle 5 Se the He- 
lioce ner iel Latitude, will be equal to the Angle 
PNE the Latitude of the Planer obſeryed from 
the Earth in the Node N. 

LET uf be a' Portion bf: the planet's Orbit 
extended to the Heavens, nb a Portion of the 
Eeliptick, fþ a Circle of Latitude paſſing through 
the Heliocentrick place of the Planet. In the 
Right Angled Spherical Triangle fh, having nh the 


diſtance of the Planer from the Node, equal an, 


what was obſerved when the Earth was at N, 
and the Latitude F/ equal alſo to what was ob- 
ſerved at N, we can find from thence the Angle 


bnf the Inclination 'of the Plane of rhe Orbir ro An S 


the Ecliprick, which was to be found out, 


HAVING once found out this Lickaetibs by 


Obfervaritn we can find our the Heliocentrich 
place of the Planet, and his diſtance from the 
dt when ever he, comes in oppoſition. ro the 
un. | 
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% ASTRONOMICAL 
Lecture LET AT be the Orbit of the Earth; DPE 
. 5 Orbix of the Planet: Suppole the Planet in 
„and the Earth in T, and NS», the Line of 

to oder in. which the Snn- is in S. The Planet 

nd the He- being in oppoſition to the Sun, its place reduced 
Plc and to the Ecliptick, will be in the Line S T, which 
diftance SF through the Earth. . Obſerve the Angle 
2 hs TE the Planets Geocentrick; Latitude, and we 
Planet is in have the Angle PST, his Heliocentricl Latitude, 
Gn becauſe we have the Planer's diſtance from the-Nods, 
ve, Ins by the Theory of the Earth's Motion 

we have. 8 T its diſtance from the Sun. And 
therefore in the Rang PST, having all- the 
Wt and one Side we ſhall find SP |the 
diſtance of the Planet from the Sun; and the 
Angle PS n the diſtance of the Planet from the 
Node, is found by the Heliocentricl Latitude, by 
which means we have the place of the Planet in 
his own Orbit. In the ſame manner if we have 
any other two Obſervations of the ſame Planet, 
in a Poſition or Aſpect oppoſite to the Sun, we 
mall have the Poſition and Magnitude of three 
Lines, through whoſe Extremities the Planets Orh 
paſſes, and the Sun is in one of the; Foci of the 


Orbit. And therefore to determine this Orbit, its 


Form and Poſition, we muſt deſcribe an Ellipſe 

whoſe, Focus is given, and which will paſs through 

three given Points. The Geometers ſhew the Me, 

thod of conſtructing this Problem, and we will 

likewiſe give the Solution of it hereafter. 

Tofindthe,, THOUGH a Planet were not in an Acro: 

ONE. nychal Poſition, but in any other Aſpect beſides an 
ace 

and diflance Oppoſition to the Sun, yet by one Obſervation its 

when the diſtance from the Sun and  Heliocentrick place 

* in may be found. Suppoſe. PA E the Orbit of the 

| Alpes, Planet, TGH the Orbit of the Earth. Let the 

Plate XXv. Earth be i in T, and the Planet in P, and the Sun 

Tig. 4. in 8 in the Line of the Noges NS. From p lex 

fall the Perpendicular PB on the Plane of the E- 

cliptick : Draw B T, and produce it till it meets 

with the Line of the Nodes in N, and the Plane of the 

Triangle NPB will be perpendicular ro the Plane 

X the Ecliprick. Let the Line CT be allo per- 

| | pendicular 


An SBOCCOVRES:). 2 
ndicular to it, and meet with the Planę of the Lecture 
Plener's Orb in C. From J upon the Line SN XXV. 


let fall the Perpendicular T D; joyn the points DL J 
and T, and the Angle TDC. will. be ch r 


gation of the Planer's. Orbit to the Ecliptick, 
which Angle 1s, therefore given. Obſerve the 
Angle B T Þ the Planey's Geoceneric Latitude, and 
the Angle B T 8 its Elongation from the Sun ac- 
cording to the Ecliptick. In the Triangle NTS, 


from the Theory of the Earth we have the ſide 


$ T the diſtance of the Earth from the Sun, and 


the Angle T SN, which is known by the place 
of the Earth and Node in the Ecliptick, as alſo 
the Angle S I N;.the; Complement of the Angle 
STB to two Right Angles : hence we ſhall have ||. 
NT. In the Right Angled Triangle TS, 
þ Angle TSD, we ſhall find , 
T D;-and therefore in the Right Angled Triangle 
1D C, having TD and the Angle, TDC che 


having TS and the Ang 


Inclination of the Orbit to the Eeliptick, wwe 


ſhall find the fide, ITC. In the Right-Angled 


Triangle T CN we have TC and NT, and 
therefore we can ſind the Angle TNC. And 
again, in the Triangle NTP, we have all the 
Angles; for the Angle N TP is che Latitude of 
the Planet found by obſervation, or its comple- 
ment to two Right-Angles, and the Angle P NT 
juſt now found, as alſo the ſide N T, wherefore we 
ſhall find the ſide T P. In the Triangle PTB rectan- 
gular at B, we have the ſide TP, and the Angle 
PT B, which is the Latitude obſerved; wherefore 
we ſhall have the ſides B T and BP. And in 
the Triangle TSB, having TB and TS, and the 
Angle B TS, we ,ſhall- have the fide SB which, 
is called the Cartate ; diſtance of rhe Planet from 
the Sun, as alſo rhe. Angle TS B, and conſe- 
penny: the Heliocentrick place of the Planer re- 
PBS, we have the fides PB, BS, and by them we 
ſhall have S the diſtance of the Planet from 
the Sun, and the Angle PSB the Heliacentricł 
Latitude of the Planet, But haying che Hello, 
Het ; centrick 


Q 


uced to the Ecliprick. . Laſtly, in the Triangle 
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334 \ ASTRONOMICAL 
Lecture contrick Latitude and the"Indlination of the f 
XXV. getary Orbit to rhe Eeliptick, we can find f 
Planet diftance from the Node; and conſgqquenl 
J his diſtapce from the Node" ig bis proper G. 
bit, And! Hs Oentrick plate ſeen from the gu 
If by this Method we find out two orher Heliocnerich 
places af che Planet and the diſtances from the 
Sun, having likewiſe the Focus of the Orb 
hich is the Center of the Suh, we may de. 
ſetibe an Bllipſe' Which hall” paſs through the 
given points, and be the Ofbir of the Planet.“ 


Method of another Methed for finding out” the | Centric 


determining 10 Aer 8000: 1741 2 
the Helio. places of the Planer, and its diſtances from the 


centrick Sun, which "ſuppoſes: only' thar the Periodical 
and time of the Planer is kiiown. Ler K. LI 


fan © the be the Orbit ef the Earth, 8 the Sun, 3 the 
Fun. Planet, Or: rather the point in the Plane of the 
Plate XXV. Eeliptick off which the Perpendicular: let fa 
it from the Planer meets that Plane. Aud A 

when the Earth is in K, obſerve the Geocen. 

trick, Longitude of the Planer, and having the 
Theory of the” Earth, we have the Apparent 
Longirnde of the Sun; wherefote we have the 

Angle PKS. The Planet after it has 'compleat- 


, ed a intire Revolution, does again return de 


the ſame point P, at "which time ſuppoſe" the 
Earth in L, and there again let the Planer be 
obſeryed, and find the Angle PLS, the Elonga- 
tion of the Planet from the Sun. Having the 
times of the Obſervations,” we have the places of 


the Earth in the Ecliptick, or che points K and 


L, and conſequently the Angle LS K, and the 
ſides LS and 8 K; wherefote we 'ſhall have the 
Angles S K L and S LK, and the fide LK. From 
the known Angles 8 KP and SLP, take away 
the known Angles 8 K Land 8 LK, and we ſhall 
have the Angles PKL and P LK known; there- 
fore in the Triangle PL K, having all the three 
Angles, and the fide L K, we ſhall find the fide 
PL; And in the Triangle PLS, having the ſides 
PL and LS and the intercepted Angle * 1 


de according t 
FP. 8 IT 

rimde is ro the Tangent of che Helioceneriek, ſo 
is the Curtate "diſtance of the Planet from the 
Fun, to its Curtate diſtance from rhe Earth. But 
u Obſervarioh we have the Planet's Gevcenrrigt 
Latitude, wherefbre its Helibcentrick Latitude wilt 
dſo be found. By which and the Curtate diſtant 


of * 


err 


of the Planet from the Sun, we can find owe _ 


the true diſtance” which was wanted. If by this 
means we . 44 Heliocentrieꝭ places of 
the Planet, and che cotreſpondent diſtances from 
the Sun, we ſhall have the Form'of the Orbit, 
and the Poſition of the . Ap/ides, by deſcribing, an 
Elipſe which thall paſs through three given 
points. This Eligſis is determined by the fol- | 
lowing Method. 72 — | 1 20 0 5 . IJ EG 9 
'LET SD, SC and SB, be three Lines given Te deſcribe 


4 


in Magnitude ,,and Poſition. Draw DC and CESS | 

BC and produce them, ſo that DF may be tg find its Pe. | 

CF as DS is to CS; and alſo CE ro B E, as CS Hen mo it 

e is to BS. Joyn FE, on which from S ler fall the plate XXV. Ii 
at- perpendicular S G, which will give the Poſition gf rig. 6. I 

the Axis. Draw the Lines DK, Ci and BH; | i 
he WW and cur SG in A, and produce it, ſo that GA _ _ 


be FF way be to SA, as KD is to SD, and alſo 83 | 
a. be ro S4 in che ſame proportion; and makes @ 
he equal ro SA. And the points A and 2 are the ! 


of Wl Vertices or Apſides of the Orbit, whoſe.” Foci axe 

d Sand x, and greater Axis A a; and. if with he | I! 
he Il Apfides and Foot” we deſcribe an Ellipſe, it wi | N 
ie de of the ſame Form with the Orbit of the 

m Planet. For becanſe S D is ro CS as FD is to : | 


oy (EC, and L Beo C7; by change of p 

iſ! portion, DS is to DK as CS is ro Oi, an 

e is SB to BH. But as DS is to DK, ſo * 

de conſtruction is SA to GA, and Sa to Ga; there- 

le fore as S A: GA: :S 4 4 Ur S 1:46 — AG, 

s or A . And therefore we have S D: DK:: SC: 

'e C:: SB: BH: S5: Aa, But this is the Pro- | 
. R perty 1 


ro- 
th 


0 


is evident therefore that the Elli 


ga 


5 Seb and. DC; and in the Jags manner 


Wal bare 81 and the ſide 


ASTRONOMICAL 


\LeSure perty of an. Ellipse whoſe Focus is S, and great 
XXVI. Axis A a, as is demonſtrated the W tl 


ww Conicks, and particularly. by 


riters * 
Mines in 


Sections, WS IV. e 


gere 
ka the Foci S,s and Axis A will thro" the 
points BC and 
ECAUS . in Afirdny. a Calculstich is 
dern preferable and more uſeful. than the 
Conſtruction, the Form and Poſition of 
the lee is in this manner found out by Com- 
tion. In the Triangle DSC having . the 
and C CS and the Angle DSC 
-our, the fide DC 2 50 the Aude 


Treatiſe of Coni 


in the Triangle BS C the rs 


12 and the Angles SBC and SCB: And 


| cauſe we 


have the Ratio. of DF to CF and 
we have 2 we ſhall alſo have CF. In like 


d manner, becauſe we have the Ratio of CE 10 


E and we have B C, we ſhall have CE and 
BE. But we have the Angle BCD equal 1 


55 I 3 de Sum of two known Angles, and , therefore 


we have the Angle FCE its Complement to two 
- Righr-Angles. In the Triangle FCE we have the 
des FC and CE, and the Angle F CE, wherefore 
we can find the Angle FE C, and its Comple- 
ment to 4 Right the Angle 5 C E, to which adding 
e known Angle SCB, we have the whale 
ole SCi: And becauſe Sz and Ci are 40 


| ſr the Angle CS à is equal to the Angle S Ci; 


Hay ng therefore the Angle CS 4. we have. the 
tion of the Axis, In "he Ri ghr-angled Tri. 
angle E Ci, having EC and 5 Angle E, we 
can find; Ci; and therefore we can find the 
proportion of CS to Ci. In the Triangle CSI, 
Kight-angled at L, we have the Angle CSI. 
the Complement of the Angle CS. ro two 
S: Therefore we 
ſhall have S L, to which adding LG equal to 
i, we have the whole SG: And "Bc Cy 


145 


20 Ci are n, their proportion will be buon, 


x4 LE CT V R EGS. 2 N i 
Be CS is to Ci, ſo ler SA be to A G, and ſo let Lecture 
A $4 De 4G, — xr ler ors 4 Jars __ we XXVI1 
US have the  Apfides: of the ipie A and 4, 1tS N N 

n bis Focs S and.s, which were to be. found. . 1486 As 
ti WE ſhewed above, how by an Obſervation to 
bed ind the Heliocenericł place of a | Planet, and we 
) the have now ſhewed- how ro determine the Poſition: 4d: | 
of the Aobelien; by which means we can find. the © 
1  diftance of a Planet from the Apbelien, at tze 
time of the Obſervation 3 this diſtance from the 
* is called the trus or Co-equated:Ariomaly: - 

the Planet. But having the Becentrieity of 
the Orbit, and the Periodical Time, we ſhewed 
before how to find the Planer's mean Atiomaly, in How A 
the Lecture in which we gave the Solution af Kep-.find uy 
is Problem; therefore at the time of the Ob- 
* Wl ſervation we ſhall have the Mean Anomaly of 
aud the Planer, or the place he would have in his 
le Orbit, did be conſtantly proceed with the ſame. 
-** WY Angular Motion round the Sun. This being 
"17 I once obtained we have the Plauets Mean Mo- 1 
tion for any other time. For ſay, as the Perio⸗ | | 
dical Time of the Planer is to the Time between \  *., 


Hor the Obſervation and the Moment of Time for. 

ane which the Mean place is deſired, ſo is 260 De- 

fore grees or a whale Circle to a fourth. This Arch, . 
. F.cbe Time preceded the "Obſervation, 8 
ft I fubſtracted from the place before found, or added Ws 
a, to it, if it comes after the Obſetvation, will give 

„Ide Mean place of the Planet for the Time pro- 


„„ PORREG 55 ES $23 33. 1.2 | ” | 3 

Fon che more: cafily finding the, Mean place 

Tai. Jef 2 Planer, for any Moment of Time, it will be 

e afieft to take ont irs; Motion from the 4ſirons- 

che %% Tables, in which is fer down the Planet 's 

Ju Mean place or Mean Anomaly; in the begin- 

SI ning of any remarkable Era; ſuch: as is — 8 

due the Birth of our Lord, the Era of Nabouaſſer, of The 1. 
che Creation, the wh of Rome, of the biet 4 101 

Year of the Julian Period: the places of the 

ol Planets at theſe inſtants of Time, are found by 


„Ide preceding Methods, and are somputed ac , 
[ 6 | $3 2 N g2rdin | 


"Rn AS TRONOMICHL 
Eatare! cording! to the Ari of ' Equal, Time, and no B,.; 
n for the Apparent! Hime. The place bor that Time 
1 is called dhen Epechis; or Radix; that it, the Root 
=: 7” from which, ad from an immoreable: mg. 
1 ab che: Monionk are Caſcular ed.. 

- bor to IE the Times be Numbted by be Years fas 
_ Compute the the Birch-of Chriſt; or from rhe beginning of the 
HH _ Juli an Period. Ir will be moſt convenitar that 
1 the Vear take * from that Mid-day 
1 which pre the: firſt of Fumuaty, ſo that at 
: the Mid=-day of the firft of Fanuam there is one 
Day comploaaty fidiſhed, - 'Sayy/&s che Periodicab 

is to a common Year of 365:Days,' ſoy 

BY 4 whote Oibcle or 260 Degrees to a fourth, which 
„ Will be zhe:rMeap Motion of the Planet for ont 
4 en Wb. Ino lice manner ſay, as rhe Periodical 
*: Time is to. a Day, ſo a whole Circle is 014 

. fourth; and wes ſhall have che Mean ' Anomaly: 
pertaining to nb Day; And by working with 
rde like Frbportion we fliall haue the Mean A. 
nomal for r, and for every Minute and 
Second. And if we add the Morion for one 
_ Year” eontinnälly to itſelf, we mall have che 
Motion in two, three and four: Mears: But be- 
cauſe everyifourth Year is Biſſertile, and conſiſts 
af 366 Days, to the Motion of the fourth Year 
we muſt add the Motion of one Day; then = 
conſtantiy .adding-rhe-/Morion:of::one Year,/ we 

mall have the Motion: of : five; ſix and ſeven 
Yeats. --Bur the Motion of the Eighth Vear is w 

be increaſed by the Motion of one Day, or rather 

the Moriehi of four [ Yearsitis to be doubled,” ro 
have the Motioh of Eight Years ; becanſe tha 
Year is B From theſe Motions ſo col- 
lected by Addition, we muſt aluiays reject the 
whole- Cittlesior 360 Degrers for after a Planet 
has eompleated its Circle; ir returus ro the ſame 
pPlw⸗ace. By this Merhod we have the Mean place 
2 of the Planets 10/20 Vears; andi the Morion of 
| 255 20 Nears be conſtamly added to icſelf, we ſhall have 

the Mean place for. 2 60, 80 and 100 Vears; and 

| e * n . 10 * m 


4 


7 


5 


py | 85 ok * bbs 2 
Sc > TLECTOURED.. _ 99 
no Ind we have the Morions and places f6r-30,40; 96 Laus 


5 . 


me ad 90 Years; And by the contihual addition of the KNOSYE - 
dot! Wiforions: of 1% Years,” rejecting always Whole ; 
ou, Wiſircles, we tall have the Motions of 200,-300, 
20, 500 Cc. Yeats, even to 1600%) And proceed- —— f 
am Ig in the ſame! way, we ſhall: have the Moien 
the! f 2000, 3000, 405b and 5000 Veats, und ſo às CE 
r al ved 9 ng | 
lay THESE Morions being in this way computed, f 
at Wire to be diſpoſed in Tables, which are called | | 
one Wr:bles. of the Mean Motion, or Mean Andmaly, 
cab eben they ate numbered from the Apbelinm und 2 
er are found iu alle the fer enen, Tables fir. 
ich ach Planer Bur if che Mean Motions are com. ; 
me uted from the EquinoGtial- poinrs;: inſtead of the 5 
cal Wciodical Time, you moſt take the time che | 
Planet . revolves in the Jodinch;* which is ſome- 2 
ay otat leſs than the Periodical Time, becauſt of 
a e Preceſſion bf the Equinocties, By which the 
A. lnterſectioh of thoſe Points meet rhe Plahet. If 
nd ue Abel of the Planet be! ſuppoſed! to ibve, 
ne ais Motion muſt be conſidered, and che Motion 
the ef the Equinocties and of the . 3 
be- ughr we know ate equal, but a the Moon) are 
its Mitewiſc tä be computed and diſpoſed "in Ti 
car Ibles for ears, Tens, Hundreds, and Thouſands 
by er Veats, as the other Mean Morions are; that for 
we aß Time we may have the places and diſtances of 
ev de Aphelia from the Equinoctiee. 
T HE: Aſtronomers have ſome other: Tablüs 
er Nabich give:the true Anomalie anſwering to every 
to degree of Mean Anomaly, which are computed by 
140 me of the Methods delivered above in the former 
oÞ ledares. If Minutes and Seconds are added ts 
be ne Mean Motions, we muſt take the difference of 
er te True Ahomalies, which ate one Degree diſtant 
ne” tom each other, and by proportioning/ We muſt ade 
ce tat part which is to be added to the Tabular And= :- 
of maly which is next leaſt, or is to be ſubſtractel 
ve om it, if ir be next greareſt t. 
d | FOR the Motions of the dun and Moon, they 
* Ffrowmonly compute the Equationy or Proſthapherefie, : 


IF 


* 
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Lectum which ate the differences between the true and mea 
 XXYI. Anomaly ; and they, either ſubſtracted or adde 
to the mean Anomaly, as the Planer is in the firs 
or ſecond Semicircle of Anomaly, give the True. 
The 4. HAVING the Places of the Aphelion angffif” 
gument of Node, we have their diftance from each other 
And therefore having the True Anomaly of th de. 
Planet, we have its diſtance from the Node, whicl B 
is called the Argument of Latitude, by which, and P. 
„ an eaſy Trigonometrical Calculation, we can find | 
tte Gentrical Latitude of the Planer, and ib at 
ne cor- Curtate diſtance from the Sun, which is the d be | 

J Plan. Rance from the Sun to that point, where a perpen e 

* dicular let fall from the Planet meets with tei ine 
Ecliptick. And thus we have ſhewed how t Elon! 
Find the Cenrrical place and Latitude of the l 
net, and its Curtate diſtance from the Sun. Aﬀet 
"theſe are found, we ſhall likewiſe be able to find 
his Geocentrick place, or where he will be ſet: 
from the Earth, in the following Method. 
FIND firſt the Planet's Heliocentrick place 
and Curtate diſtance from the Sun, as alſo thei 
Earth's place and diſtance from the ſame. Let 
ITC be the Orbit of the Earth, in which the 
Earth is in T; APE the Orbit of the Planet, ant 
its place P, the 8un 8, 8 N the Line of Nodes. Fron 
the place of the Planet ler fall on the Plane df 
"the Ecliptick the right Line PB; draw SB and en 
produce it till it meet with the Ecliptick in the Han 
Planet's place reduced to the Ecliptick, whict 
| | | place is found by the Arch PN and the Ir 
| clination of the Orbit ro the Plane of the Eclip- 
tick, which are known: But we have the place of 
the Earth ſeen from the Sun; and therefore well 
| have the diſtance between them, or the Angle 
« Angle TSB, which is called the Angle of Commutation | 
"Commu- Then in the Triangle S T B, we have ST th 
ny diſtance of the Earth from the Sun, and 8B the 
Curtate diſtance of the Planet; wherefore we ſhall _ 
find the Angle 8 T B the Elongation of the Pla- 1 
net from the Sun, or the Arch of the EcliprickY, 1 
| Inxercepred bereen che Sun's place and th ol 


— | | 
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gers place reduced to the Ecliprick ; as alſo Lecture 
Ir, che curtate diſtance of the Planer from XX VI. 
de Earth. But the place of the Sun is given, 
or it is oppoſite to the place of the Earth ſeen mow to 
tom the Sun: Wherefore alſo we ſhall have compute tbe 
1 place of the Planer in the Ecliptick as its 
+ Wis _ on, - — Eh in => two place, | 
, \ Triangles PS B an that are rectangular . 
„n B, the Tangent of the Angle PSB is to the * 
- of Tangent of the Angle PTB, as TB is to SB: P 
„bat as TB is to SB, ſo is the Sine of TSB 
Je Sine of the Commutation, to the Sine of 
the Elongation 8 T B. Wherefore ſay as the 
bee of the Commuration is to the Sine of the 
MElongation, ſo is the Tangent of the Heliocen- 
trick Latitude to the Tangent of the Geocen- 
wick Latitude, which was to be found. And by _ 
neſe means the Aſtronomers are able to find, for 4 
any inſtant of Time, the Geoeentrick place and 
Latirude of any Planer, MAIER 
1. COMPARING the diſtances of the Pla- The Hor 
Ml ers from the Sun with the Times of the Pe- g, * 
iods round him, we find that they all obſerve Periods and 
. wonderful regular and elegant Harmony and se 


» 
. 


SS 


Law, viz. IEEE wa 
4 THE ſquares of the Periodical Times are in f | 
Ml of them proportional to the Cubes £4 their mean \ 

diftances from the Sun. Now their Periods and 


nean diftanees are theſe, which we here give in 
the following Table. i 


| Ie ances, 
36 26953800 
12 20 251520110 
23 27 30152369 
6 9 30 100000 
16 49 24 72333 
23 15 33 3870 


ick. T H E illuſtrious Mathematician Mr. Hagens, 
the bas determined very nicely the Diamerers of the 
ec} Ty Z 3 F= =" 


— 
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2 Invented! Sytem, bas ſheweg ys howto find oy 
Rs diſtance} of each Plangr4tron che Sun, . jg 


ortion to the Earth's diſtance. ff Pe {ame 


"Ss 1 
-20) 2 . 
In 


The Dia- A $ for Saturn, the Ds of is Riog, bo 


meters and 
Magnitudes 
of the Pla- 


- nets Aim gurn is near eight times the mean Ae of 


ted, 


Planers,. by comparing them with that of the 
ENS Sun, in bis Saturnian Sem, which he did; 


_ paring the proportions of their 


ASTRONOMICAL 


the following Method. 
ERK by bis New. and divin 


8. 


their apparent — and how. much 
1 are bigger than others, has Ford diſcove 
red by. the; help of the Teleſcope, For by cot 

di ances 
apparent Magnitudes, the proportion of their true 
bigneſs to that of the Sun wilb eaſily be found, 
by the Principles we have layed. down. in in cu 
firſt Lecture, 5 


is neateſt to us, ſubtends an Angle of < 
conds:: And becauſe this leaſt diſtaace of 5. 


the Sun from us. It follows, that if Saturn wer 


. -* as near us as the Sun is, rhe Diameter of the 

King would appear eight times bigger than now 
it does, that is, it would be 9, 4“ But tbe 
Diameter of the Sun in his mean diſtance | is 


30, 30%. Therefore the proportion of the Dia: 


meter of the Ring to the' Digmerer, of rhe Syn, 
is that of 97. 4“. to 301. 30 3; which is near the 


Proportion of 11 to 37. But the Diameter e 


Saturns body is to the Diameter of the Ring 
as 4 to 9; that is nearly as 5 to 11: And there 


fore it is to the Diameter of the Sun as 5 to 3). 


FUPI TER*'s Diameter, when he is_next 
to us, is 64 Seconds; and then his diftance is to 
the mean diſtance of the Sun as 26 x0. 53 ay 


as 5 is to 26, lo is 64 Secends to a fourth, 


which will be: 5.35% which: is the bigneſs of 
the Angle that Jupiter's Diameter would ſubtend, 
were he as near as the Sun is: But the Sun 1s 
ſeen under an Angle of 30ʃ, 30”, Therefore the 
proportion of Jupiters, Diamerer to that of the 
Sun is as 5 33 to 300 90 37 lar is a licrle more 
than ads 997 in vow by 
8 1 N F VENUS 


* 


2 N 
7 \ 
_ 
Ss % N — 
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1 3 T\E CET VARESA. \ 
BE N US, when: ſne is nearaſt ate Eattb, Jedute 
ſubtends an Angle of 83 Seconds; and then her NXVI. 
Feri gæon d iſtane is to the mean diſtance of the 
Sun nearly, as 21 is to 82: And therefore if Ve- "Fa 
aus were removed to the diſtance :8f+ rhe:'Sud, | 
her Diameter would be only, 21246“ 1 Atl 
therefore we know e chat the Diameter of Hens 
is to that of the Sun as 21. 46“ ro 30%; that 
e BY: GE LT: 

B U T de Diameter of Mis, When" heareſt 
to the Earth, is not greater thin 30“: And rhere- 
fore fince the leaſt diſtance of Mars is to 1 — 
Sun's mean diſtance as 15 to 41; the proportion 
of Mars's Diameter will be to the Sun's Dia- 
meter as 1 is to 166: Therefore Mars is but 
half the bigneſs of Venus in its Diameter. Hts - 
yelius by Obſervations found chat Mercury's Di- 
ameter was to that of the Sun as 1 is to 290, — 
THE Magnitude: of the Earth in conipari- | 
ſon of that of the Sun is varioufly. eſtimared' by : 
the Aſtronomers : They who ſuppoſe the horizon- | 1- 
tal Parallax of the Sun to be 151 Sęconds, muſt 4 
make the diſtance of the Sun from us to be bur 
13750: Semidiameters of the Earth; and the Di- 
ameter of the Barth will be to the Diameter of 
the Sun as 1 to 61: But wer have probable 
Argument which proves the Diſproportibn or In- 
equality greater. Fur bęcauſe the Diameter f 
the Moon is ſomewhat more chan a fourth part 
of the Diameter of the Earthiz:if the Parallax of 
the Sun were 15 Seconds, then the body of the 
Moon would be greater than that of "Mercury; 
but it ſeems: inchngruous, that a ſdcondary Pla- 
net ſhould: be greater than an primary Planet. 
Let us ſuppoſe therefore that the Semidiameter 
of the Earth feen from the Sun be 11 Se- 
conds, as it Was lately collected from the Pa- 
rallax of Mars, obſerved by Dr. Haley and Mr. 
Pound: And thend the: Earths diſtance will be 
nearly 20000 Semidiameters bf the Earth, and 
the Moon will be leſs than Mercury. And the. 
Proportion of the Diameter of the Earth to the 
r 2 4 Sun 


— 


— , | | ; n 
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re. Sun will be that of 1 to 83 ; ro which Proportiog 
zwe may give our Aſſent, till by an Obſervation 


of Venus in the Sun's Body, which will happen in 


1761, we may be made mote, certain of the 
Sun's Parallax. Therefore the Diameter of the 
Sun is to the Planet's Diameters, nearly in the 


proportions repreſented in the following Table. 
TJERT x „ 8 2 


8 r. ain 
The Diameter of Jupiter | 98 
J eee 
N 11 E £909) the Earth 18 co 12 
Diameter of ' penn 1 ge + 
HOU TONS! | 4 


e £1. eee 2 
* 0 "4 £ k 


"E103 -A 1 $9445 £5! f et. 1 ; 
AN becauſe Spheres are to one another a 
the Cubes of their Diamerers,, © ' 


„ eee een 
216 


The Sun Marr as 1000000000 4 | 
Will be to J the Eareh;, is tko 1 1728 
ö Venus * 9 2 - 1728 


8 : 4 5 DE , 
- Mercury } ' S81-33:RÞ 


- HENCE it follows, that the Sun is a hun- 
dred and fixreen times bigger than all the Pla- 
ners put together. Saturn is 400 times leſs than 
the Sun: But for quantity of Matter it is 2400 times 
leſs than the Matter of the Sun. Jupiter, the 
biggeſt of all the Planers, is 160 times leſs 
than the Sun; and his Matter that compoſes his 
Body is 1033 times leſs chan the Matter of the 
Sun. But our Earth, if it be compared with 
the Sun, is but of a very ſmall Magnitude, and 
not bigger than a'Phyſical Point; for it is 500000 
times leſs than ir. Beſides, comparing the Pla- 


nets with one another, we find that Fupiter is 
bigger than all the reſt of the Planets put to- 


gether; and that he is above 2000 times bigger 
. than the Earth; but Venus is of the fame bigneſs 
with the Earth. And yet there are two of rhe ſix 
Planets, viz. Miercum and Mars leſs than the Earth. 
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LECTURE WWII. 
Of the Stations of the Planets. 


1 [ 


F the Earth were at reſt, and the. 4 ie 
38: Planers alone turned round the Sun, aro" omg 
an 2 Planet —_ ſeem to 2. when it 
IL ationary, in that point of its £59919 2. 
VEN Orbir, where a Line drawn from — Fn 
the Earth touched the Orbit; for orbit. 
when the Planet is near that point, if the 

Earth ſtood ſtill, it would directly approach the 

Earth, and would have no viſible Motion, or at 

leaſt its viſible Motion would be the leaſt of all. 

In like manner, if a ſuperiour Planet were at 

reſt, when it is viewed from the Earth, it would 

appear to ſtand in that of its Orbit, where 

4 Line drawn from the Planet touches the Earth's 

Orbit. But becauſe both the Earth and Planets 

move round the Sun, when an inferiour Planet 

is in the forementioned Tangent, then the Mo- 

tion of the Earth will make the Planet appear 

ro change irs place, and the Planer will not be 
come to its apparent Station. And upon the 
ſame account, when the Earth is in the Line 

which touches its Orbit and paſſes to a Planet, 

the proper Motion of the ſuperior Planet will ; 
chanze its viſible place. And thetefore it hap- fe 
pens, that neither an inferior Planet ſeems ta fationary 
reſt, hen it and the Earth are in a Line which = 88 
touches its Orbir; nor is a ſuperior Planet ſta- Line touch. 
tionary, when the Earth and it are in a Line ing e 
touching rhe Otbit of the Bar. f. 


bit. r 
IST, BUT | 


„% AS&DRO: 
Fear BU T-fince all the Planets do ſometimes ap: 
u pear to move forward, and afterwards to return 


we” 
- 


* 


ka, Situation 


5 * 
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backwards; between the progreſſive Motion and 
When a the repreſſive,” there will be ſome point, where | 
Planet ab- it 'will appear co ſtand and continue in the ſahe 
” n in the Heavens. Now it ſees fl 
-keep rhe ſame Station in the Heavens, when 
the Line that joins the Earth and Planet's Cen- 
ter is <onfta directed to the ſame point in 
the Heavens; that is when it keeps parallel to 
irfelf : For all Right Lines drawn, from whatever 
| point of the Earth's Orbit parallel ro one ano- 
ther, do all point to the ſame Star; becauſe 
„tte diſtante of theſe Lines is nor | ſenſible if 
4+, 11.1. . Compariſon-"of the great diſtance of the Fired 
Nen en Grant bo eur „ 1 ie. 4 
„ 2 :/THEREFORE: to: find! out the |poinls of 


43.4 Ck % 4 


Station, we' muſt+ inquire che: poſition of the 


- Line, which joyning rhe Earth and Planet, keeps 
parallel to itſelf: For which purpoſe we muſt 
obſerve, that if the Centers of the Sun, | Earth 
and Planet be joined by Rig. Lines, they Y 
will form a Triangle, whoſe - two ges drawn | 
from the Sun are always equal. to the diſtances il 
of the Earth and Planet from the Sun; and the 
Baſe is a Right Line joining the Earth and Pla. 

net: And becauſe rhe fides of this Triangle, in 
circular concentrick Orbits, do keep always the 
fame Magnitude, the proportion of the Sines of 
the Angles at the Baſe will be conſtantly the 
ſame: for the Sines are as the oppoſite ſides. 
Table xvi. LE T the Circle B D G be the Orbit of the 
Fig. 1. planet, and A H K the Orbit of the Earth con- 
cCepntrical to it. And let us ſuppoſe the Earth 
in A, the Planet in B, and the Sun in the' Cen- 
ter S. In the Triangle 'A S B, the Sines of rhe 
Angles A and B at the Baſe, are as the oppo- 
ſite fides SB, S A. at bien 64; ems 

LE T us ſuppoſe then that in a ſmall Par- 

ticle of Fime, the Earth is moved thro' the 
ſmall Arch A. C, and the Planet at the ſame time 
thro the Arch of its Orbit BD; 2 

| 0- 


= 


\ 


Motions at the dun made in che lame. r equal uad 


Mcions are conſtantly in, a given REY 
which is reciprocal to their Periodical Times. 


t, 


A LOT WAREN 28 3 6 


Times; are reciprocally as theit Periodicab Times z N. 


for how much tlie greater is the Periodical Time 
ſo much leſs is the Angle ir deſcribes round ne OS... 


Fun in any given Lime. Therefore the Angle 
AS the ang — of the Earthy iis to 
che Angle BSD ngular Motion of the Pla- 


net, as the Periodical. ime of the Planet is to 


rhe: Periodical Time af the Earth; that is the 

angulat Motions in the ſame time Ard ima cn- 

fant) Proportion... 22.1 .. bos A A rand 
LE T the Center of the Earth in- OG aud ot 5 


- the; Flanet in -D be joined by the Line C'Dj 


which is parallel: to, the former Line A B: And 


in that Caſe, as we have ſhewed, the Planet will 


appear ſtationary. Ter SA cut CD in M, and 


8D produced cut AB in E: And hecauſe — 


and G D are parallel, by the 29th of EL, I the 
Angle SMD will be equal to the Angle. A 
bur by the 324 of-rhe firſt El. the Angle 8 1 
is equal to the Angles and MSC; wherefore 


the Augk is equal to the Angle A; batin A 


the: Ane MSC or CS A; Likewiſe becan 
of the Parallels AB and CD, the Angle SDC 
is equal to the Angle S EA, which is equal to 

the? Angles SBA and BS E; wherefore thar An- 
gle is equal to the Sum of the two Angles S BA 
and BSE. ITherefũre the momentanous Increaſe 
of the Angle § B A is equal to the angular Mo- 
tion of the Planet at the Sun, And before it 
was ſhewed that the Decrement of the Angle 


A was equal to the Angle A S ©) or to the an- 


gular Motion of the Earth; bur, theſe angufat 


A Planet therefote appears ſtationary when 
momentanous Change of the Angle" ar the Earth; 
is to the momentanaus Change "of the Angle ar 
the Planet, as.rhe Peridd ical Fime! : of che Planet 
is to the Periodical Fime of the Earth. ©: ) 

LE T there be two Arches or Angles whoſs Table XVI. 
Sines are to one another ip} a 2 Propor. Fig. 2. 
bs * : j tion. 
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Lecture tion. I ſay that their Cofines or the Sines of rhe 
II. Complements of theſe Arches, are in a propor- 
tion compounded of the direct Proportion of the 
| Gines of theſe Arches, and a reciprocal propor- 
tion of the momentanous Changes of the Arches 
or Angles. For Example, Suppoſe the two Arches 
AM and CM, whoſe Sines are AB and CD, 
and their Cofines 8 B, 8 D. Let the Arches AM 
and CM decreaſe into EM and G M; ſo that 
the Sines EK, G L may de proportional to the 
former AB and CD. Let AE and CG be 
the Decrements of the Arches, which being in- 
 Kinitely ſmall may be taken for Right Lines. 
Draw FE and GH parallel to S M; the Tris 
angles AF E and AS B are equiangular: For 
the Angles B and A F E are both right, and 
the Angle EA F is equal to the Angle A S B, 
the Angle SAB being the Complement of both 
to 4 Right-Angle. After the ſame way it ma 
be proved that the Triangles CH G and CS 
are equiangular. Therefore CG: CH:: CS: ö 
SD; And AF: AE: : SB: AS or CS: Where- 
fore multiplying the Antecedents together and | 
the Conſequents together, we have the Propor- 
tion CG XA F: CHXAE: : CS XK SB: SD 
22 or CS NIS D:: that is SB is to SD 
a proportion compounded of AF to CH, and 
of CG to AE. Bur the Ratio of AFro CH 
is the fame with rhe Ratio of the Sines A B and 
CD; and the Ratio of CG to AE is the Ru- 
dis of the momentary Decrements of rhe Arches 
CM and AM. Therefore SB the Co-fine of 
the Arch A M, is to SD the Coſine of the Arch 
CM, in a proportion compounded of the direct 
proportion of the Sines of theſe Arches, and a 
reciprocal proportion of the inftantaneous Decre- 
ments of the Arches, that is of CG to AE. 
HENCE if the Centers of the Sun, of the 
Earth, and of a Planer that is ftationary be join- 
ed with Lines, the Coſine of the Angle ar the 
Earth will be to the Coſine of the Angle ar the 
Planet, in a proportion compoſed of the * 


* 


IT” 
115 
PE 


ye r 
PL 
D = 
nM 


| LECTURES i 
es A and B, and a reciprocal propors Ledhive 


Bur the proportion of the Sines is Wy 
with the proportion of the di „ 
the Earth and Planet from the Sun; and 
[ momentary Decreaſe of rhe Au- 
| „is the proportion of the Periodi- 
Ti the Planer and the Earth; as has 
1 Let the Periodical Times be called 
T; and then the Coſine of the Angle A 
be to the Coſine of the Angle B, when the 
> 


t is ſtationary, as TX SB'is to KSA 


K 


oy 
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Conftruction. 
Earth, GB K a: portion of the Planer's Orbit, 
and let the Sun S be in the Center of both 
Orbits. Cut SA in E, fo that SA may be to 
SE as the Periodical Time of the Earth is to 
the Periodical Time of the Planet. Upon the 
Diameter A E deſcribe a Semicircle cutting the 
Orb of the Planet in B, the Angle SAB will 
be the Elongation of the Planet from the Sun, 
when it appears ſtationary. Draw the Lines 
AB E, E B, and S8 F parallel to E B, and the An- 
gle ABE, in a Semicircle, is a Right-Angle : 
And therefore A S F parallel to it muſt be right 


likewiſe. Moreover AS: AF:: Rad. Coſine f 


A; and alſo BF: S B:: Coſine 8 BF: Rad. 
Therefore multiplying the Antecedents together 
and the Conſequents together, we ſhall have A8 


X BF: AF XxS B:: as the Coſine of 8 BF is to 


the Coſine of the Angle A. Therefore the RN. 


tio of the Coſine of the Angle A ro the Coſine 


of the Angle S BF, is compounded of the Ratio 
of A F to B F and of 8 B to AS. But the Neid of 
A F. 10 BE is equal to the Ratio of AS to SE; 


momentary Decreaſe of thoſe. Angles XXVIE 


1 8 19.5 - Saf; 
Ihe 3 ; 
< x . f 
* 7 


LET AH be a portion of che Orbit of che Table vr 


A SND WNOANAI C 4 L 


2 T b, Therefore th Ruc/o! ob the: Colds 
N of dhe Angle & to the Coſfue 


n 


of the Angle S BE, 
&, af the 'Anfiofof:if! ro .4, and bf 
SB tos Ai: But it was: emed ithat when the 
Doſinęs af rhe; Angles had This proportion, a then 

dhe Blanev weuld be ſtationary. Therefore ir cis 
_ 4&vident, that hen the Planet as in Bande the 
Earth at &; che Planet will to be ftariobaty-. 


of — 4 we fee tllat dv henl an inferior ia. 


ſeen from te Earth roh be ſtatibnary, 


— 
„ Jikewyfe: appean io bei ſtationary o and 


illd em 
to rentain in the ſame place For the Earth is 
een ſtaridhaty, when the Line) that Joinii the 
Centers of the Planet and Earth / keeps parallel 
to itiklf 3 and ſo long as this Line keeps A Pa- 


raſleliſm, it will always be directed ro —— | 

TE non 

B V the ſame Merhod we find the! Pofirions * 

> gx 5745 7 of the other ſuperior Planets ti reſpect of. the 

1 21 —.— and Stin, when they are rol be )obſervell 
us 


in the Heavens 


to abe ftarionary, pix. by anquiring: where 
the Zarth, confidered as àn inferior Planer, wil 
appear — ſeen from a ſuperior Planet. 
2 1 Fe the Periodical ' Times were propoftional 
te the: diſtances; from che Sun; the Points E and 
B wauld conicide with &, and the Planet would 
be ſtationary t when. the Angle A was nothing; 
that is when: rhe inferior Planet was in Conjun- 


Gion with the Sun: But if E bore! a grearer 


propotriom ta & A than 8G did.to S A, the Cir- 
— AB E cauld cut the Planet? Orb in nb point 
nat all and the Planet could no where be ſta- 
Tionary, But would appeat :coiftantly to move 
ditectly forward: But neither of 'theſe Caſes ob- 
rain place: in the Planets; for S E is Always 


leſs' than” SG:::or ) SB, : winch - PP: thus at: 

Keare 21019150 5 LL Sant. 9 1 

CAL Lethe diſtance of the Earth FR the 

Sun p, the diſtance oß the Planer 8 G or 83 

call 3 rhe: Periodical Times T and r. And by 
Ge: uniyerſal Law. abovec . and ** 

: ve 


ch Alf viewed | from! the inferiot Wi 


| >= '® yaw LDF oS wi dd. og, © GG 2 Km” a 


net from the Sun is defined in this 7 we 


Proportion, of the Bar 
the : And Hoot Nt mo "SE of the Angle at 


the kart is 4 c, its Coſine i and the | 
Colige of the Angle a at. the Planer will de V * — POTS, * 
p:: Tx d 
7 —2 And nos the Terms Of, the Ana- 


Eero 


and T. e: 75: : : X's but as eg 
Tis w 7, fo is 9X25) bt] et hire: WW 
& Is a þ&4 4 * 15 

fore as een 


which! i is herofore 83 to sn le Pecaufe þ 


Is greater dt than 7 $ therefore 1. * FE —— g Feng 


chan 4 X FLOP and dividing all by p*, we have 
| ran des Lac than SB. gr 


* fake SB. 1.046 S-6--is eater thad S SY the 
ircle- upon the Diameter E E wil er the 

bit of the Planer; And chender h de aß ap on 7255 

Earth, in ſome certairy Poſitions, may fee 

of the Planets ſtatian 


IF you deſire ro We 27 a Calles, be FI 


* as the Earth br the Elongation ofcthe 8545 


che a be x, and the Sine ef the Angle 

the 8 2 *; the The Sin of 15585 e at, 8 

zer will be che fupp 1 tha at 5 . 0. g in the 
laners diſtances from 


And chereſofe : Mg 


— * Nel: TIX N] NN 
6-24 au the : p32 9%; Wherefare"infivad/of Fi 
nal to 


100 . put pa and as ny are proportio 


thens, and we hall have * $1 * N 7 
A 1% ND : And therefore we have 
the quatibn' 48 L F a 1 and 


1 aN x 64; and gail} x. 
4-144 ' i& 2 I: 7 0 * 2 # 9 wo 8 12 — 41 


— 


% 


2 Dy 


J „ 
fed in all the Plandrs, we have E. 2 *>B:2.99 14% Ledurs. 
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Ledturs and de Sine of the Angle ar the Bai 


2 r 
an . whichisequalto — 4 


r N17: 
therefore the ſquare of the Coline of this_Angl 
hs „ i 

SEE ESTES or; — 
therefore the Cole is x 8 = 1s + 
"Og Fra” 
Caſe is hereforeo the Sn xxx PEE. 
e e f 
0 2 = 2s is to Bux, 
Po! 


Sen the 


Cable xy 
Fig: 4 


the Coline i to the Sine, 5 


the Tangent; therefore fay as v/p* +?qistogy 


ſox is to. —= if =, which isthe Tangene of the 


- Ap*-+p9q 
Angle at the Earth: And by this Analogy 4 
Angle 1s eafily found. For if half the Sum of 
Logarirhms of p and p +q be ſubſtracted 
Logarithm of 4, there will remain the 
ithmick Tangent of the Angle at the 


2 From this value of the Tangent we have 


N Geometrical Conſtruction, which 
dermis he — ＋ HA Q be a portion 

e -Barth's Or BD the Orbie of he 
Far Planer, and * Sun in S the 


common 
Center of the Orbits. Produce A S till it meet 
with the inferior Orbit in D; upon rhe Diame- 


ter A D deſcribe the Semicircle ACD, and at 


S erect upon AD the Perpendicular S C cunin 
the Semicircle in C; join AC, in which —— 


AF = SD; and from „ 'AS let fall the 


Perpendicular FE; in SC rake SL=AE, and 
draw AL: Then $ A L. will be the Angle requi- 


| red; 7 528d B, wh where aL cuts rhe inferior Orbit, 


Will 


ADR © >" np 
will be che point of the Station: For the ſquafs Lectuts 
of SC is cit to the Rectangle ASD = 2 4, XXVII. 
and AC ſquare" = As ſquare - SC e, 
7 „ But AC: AF: AS: AB: 2 AS: wo 
nole SL:: The Radius : t 5 85 of che _ SAL, 

that is Vp* <4 77 7: Fe, + oi 
and 87 z 


therefore. the e of mY 5 required ] 17 


. "which = 


The THESE 2 and Conſtructions — 

+ ſufficiently determine the points of Station, if the 

Planets Orbits, were concentrical Circles: But 

7 fince they are Eccentrick and Ellipſes; both an 

= Angles at the Sun and Planet will be diffe ; 

15 and, changeable, according to the different 3 1 
of the Planets in their Grbits, at the ponts of ! 


* 


Station. And therefore becauſe. in this Caſe; ac- 
cording to the infinite Varieties. of poſition of 
the Earth and Planets in their Orbits, there will 
be likewiſe an infinite variety of Angles, they 
cannot be defined by any Algebraical Equation 
neither can rhe Problem be univerſally conſtructed 
by any Algebraick, Curve of any kind, alrcho- 
ſome Mathematicians have undertaken” to do it. 
Yer if we have the poſition of a Planet in its 
proper Orbit, we may find the poſition of the 
Earth in its Orbit, 3 whence the Planet in 
that point will appear ſtationary, 

FOR this is a determined Problem, and ad- 
mits of two Anſwers, for the two Roots of the 
Equation that involves the nature of the Problem. 
The moſt induſtrious Dr. Haley, hath communi- 
cated to me the following Solution of this Pro- 
biem; for the underſtanding. of which we give 
the followin Lemma. F 

WHAT EVER the foi 1 the Earth and 
Planer's Orbits may be, if from their places in 
the times of Station there be drawn Tangents 
to the Orbits, aud produced till they meet; the 
portions of thoſe Tangents intercepted by their. 
mutual concourſe, are proportional to the abſo- 
lute Yeocities: of the Earth and Planets. 5 


A a LET 


SFF AAN J&S RF AS TKS EA FFTar FSS 


Is, LET FG and AH be tuo portiond: of the 


— 


ASTRONOMICAL 


XXVII. Orbits which che Earth and Planet deſcribe; 


AZ ͤ and CD two infinirely ſmall portions of 
them, deſcribed in the ſame time, when the Pla- 
Table XVI. net is 


Fig. 3. 


— 


ſtationary: Draw the Lines CE and AE 
rouching the Orbits and meeting in E. And be. 
cauſe the Planer is ſtationary, BD and AC will 
be parallel: And therefore by the 2d Prop. El. 
VI. CD: AB:: CE: AE. Bur CD and AB, ſince 
they ate Portions of the Orbits deſcribed in the 
ſame time, are as the Velocities of the Earth and 
Planet: Therefore the Tangents CE and AE, 


are as the Velocities. This Theorem is Mr. John 


Bernoulli s, and is Publiſhed in the Berline Acts, 
and flows immediately from the Paralleliſm of the 


| Lines'AC, BD: But Mr. Bernoulli has not given 


us from -rhence any Solution of the Problem, 
Dr. Haley's' Solution is this. _- 


; g * „ * 7% p 
* : N . # 
0 4 * 
5 . F L WE. 
" FF x g U 1 4 0 
Led 14 n 

{| . i F444 7 £ % Y J 

* . * ah #8 . 
: .# _* = — 7 . 


To find the Place of the Earth, from mbich | 
A Planet ſeen in 4 given Foint of its 


2 Orbit would appear Stationam. ; 


UPPOSE: the Sun at —* n K LA the Orbit 


of the Earth, which we may here ſuppoſe ro be 
Circular, 7 P& the Orbit of the Planet, P its 


given place. Draw V PQ touching the Orbit in 
interſecting the Orbit of the Earth in 


P, an 
and Q. Biſect VQ in R, and on it erect the Per- 
pendicular PB, which may be to VR or RQ, as 
the Velocity of the Planet is to the Velocity of 


the Earth: At the Center R, upon the Diameter 
- V.Q, deſcribe. the Semicircle VA Q, to which 


draw. the Tangents B b, Bd, and produce them 


till they meer with VQ produced in & and T; 


draw Rb, Rd; take 2 K equal bS, and TL equal 
to dT, Then I fay, the Peints K and L, are 


— 


What 


what were to be found. For becauſe of thꝭ 


the Earth is in K. In the fame manner it 


HA Catculation, or even fro om 5 Semen 


LEEBCTORKBS 


quiangular Triangles R“ x and B P'E, Pf PB: . 
2 K: R or RV, and by alternation of Proportion, (FW 

2 P: K: P BRV; but by Conſtruction, Þ Bis - =_ 
to RV as. the Velociry of rhe Planet is to the Ve : | 
lociry of the Earth; and Sb rouches the Semf. 1 
circle in b; "wherefore its Squate is equ 
the Rectangle VE Q, by Prop. * Blem. III. "An 
SK is equal 2 é; therefore K wil touch t 
Orbit of the Earth in the Point K, by 37 f 
Elem. III; therefore the Tangents of both Or 
EP and 2 K, afe as the Velbeitiegs; and there- * 
fore: a Planet in P, will appear Stationary, w = 


be ſhewed, thar rhe Right-Lines PT and mY, 

are as” the Velociries, and that LT touches thi 

Orbir of the Earth in L. Laſtly; the Lines SR 

SL being drawn, will ſhew the Places of the 

Earth ſeen from the Sun, and the Angles K 8 

LSP are the Commutations. And if che Line S ? 

be the Line of the Apſides of the Eurth's Orbit, e = 

KSA and LSA, will be the Angles of the tris 

Anomaly ; and conſequently” if any error be 

committed in ſuppoſing the Earth's Velocity ning fs 

can be moſt accurately corrected, By: having” x 

true Anomaly, - 
IT is a Problem of. a very dikerent kind; 

to define the Time when a Planet is to be 874 

tionary, and its Solution cannot be had fork 

common Geometry; yer the aforeſaid Dr. 

ley, by an indirect Method, and an 8 

tion, has ſhewed how to find it. . is as ts 


lows. 


WH ZN. the Time of a bias 11 4% 1. ae 
| 4228277 determined. | 


? 
e. | 4 ar 


found our the Day of the Statlon, find out 
the moſt perfeck Aſtronomical "Tables, for < 
an of chat r the Place af the Suff 

allg 
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Lecturt alſo the -Planers Heliocentrick and - Geocentrich 
XXVII. Places, and the Logarithms of their diſtances from 
LYN the Sun; and for to reduce their Motions! to 
ds the fame Plane, Curtate the diſtance" of the Pla- 


net, and we have the Triangle 8 TP, from the 


Principles of Aſtronomy, where 8 in repreſents the 


Sun, I the Earth, and P the Planer. Draw 
Ta Tangent to the Earth's Orbit, and P Q/a 
Tangent to the Planet's Orbit, which meet in Q. 


Now if the real Velocities of the Planer and 
Earth are as, ?E Q and JQ, or as the Sines of 
the Angles PT Q and TPQ, it is plain that 


the Planet is then in the Situation required; 
that is, it will be there Stationary. | 
have the Ratio of their real Velocities, or of T. 
and Pp. For the real mean Velocities of different 
Planets, that is, thoſe Velocities with which at 
diſtances equal to half the Tranſverſe Axes of the 


Orbits, they would deſcribe Circles, are in a recipro- 


3 ſubduplicate Proportion of the Axes. And * the 


XVIII. 


mean Velocity of any Planet, is to its Velocity 


in any other Point P or T, in a ſubduplicate 
proportion of its diſtance from the Sun, to its 
diſtance from the other Focus of the Ellipſe, which 
call reſpectively PF and TF: and putting R 
for half the Tranſverſe Axe of the Superiour El 


lipſe, and er for half the tranſverſe Axe of the In- 


feriour, and then compounding the Ratios, the 
Velocity: of the Inferiour Planer, will be ro that 
of the Superiour, or Te to Pp as RX SPF Th 
is to vr xSTxPF q and therefore we muſt have 
ready the Logarithm of this Ratio reduced to 
the Plane of the Eclipticxk. 
FROM the ſame diſtances, we have likewiſe 
the Angles STQ and SPQ; for the Radius is 
to the Sine of the Angle S T Q, as VSTxTF 
is to half the Conjugate Axis of the Orbit; and 
likewiſe the Radius is to the Sine of SPQ, 3 


of SPxPE wo half the - Conjugate Axis of the] 
Lie 2 25 


Planet's 


HAVING now the diſtances 8 T, 8 p, we 


8 51 | b . 
* LECTURES. © . ll 
Planer's Orbit: or, which is. more , readily per- Leckuss 9 
form'd; ſay, as the diſtance of de planer * VII. 
Apbelion is to its diſtance in the Perihelion, ſo the & 
Tangent of half the Angle, by which it is diſtant 
from the Peribelion, to the Tangent of an Angle 

which being ſubſtracted from the foreſaid Half 
leaves the Complement of the Angle SPQ t6 4 
Right, or its exceſs above a Right, as it happens 
ra that this Angle is acute or obtuſe. Reduce this 
QZ Angle if it is needful to the Plane of the E. 
1Q | cliprick, and theſe things being done, ſuhſtract 
and the Angle ST Q from the Angle S TP, and to | 5 | 
3 of the Angle SEQ add the Angle SPT, and we | 
that M fall have the Angles QTP and QPT; and if 

ed; the Sines of theſe Angles have the ſame Pro- 

portion that the real Velocities have in the 

we'll Points T and P, the eſtimation is right: But if EE 
T:. not, take the difference of the Logarithms of each, 3 | 
rent or the error of the firſt Poſition. And if the Ratio | 
1 at of the Velocities be leſs than the Ratio of. the. - ; | 
the Y Sines, we muſt diminiſh the Angle TSP, by | 
pro. adding or ſubſtracting a known Mean Angle, 


the W ſuch as will agree to one Days Motion; and the 

city contrary is to be done, if the Ratio of the Ve- 

cate Y locities be greater. And by a Calculation juſt. 

its like rhe former, ſeek the Logarithms of the afore- | 

nich faid Ratios, for the Noon of the preceding or 
RE following Day, as the caſe requires. Then com- | 
El. pare the differences of the foreſaid Logarithms, | 
In- or the error of the firſt Poſition with the error 

the of the ſecond; and the Sum of the errors, if they 

hat be of ſeveral kinds, or their difference if they be 

of the ſame ſort, will be to 24 Hours, as either 

ITY of the errors to the time between the Point of 

ave fl Station and the Noon on which the aſſumed error | 
to was found. This is plain to thoſe who underſtand [ 

the Rule of Falſe. _ a | | il 

viſc IN this manner the Stations of the Planets | 

gs is} may be obtained within a few Minutes. Bur for if 

— | to take away the ſmall errors which may ariſe, | 

TE by reaſon the Logarithms do not uniformly en- 

and creaſe” as the Time, if any one pleaſes, he may 

12 N A a 3 renew 

the | 


Lecture renew the Calculation, for the Time juſt found 
II. our, and which is very near the Truch, and fo bring 
out the true Time to a Minute; but there is ng 
need of this Correction but in Mercury or Mars. 
FOR to make rhis plainer we will add an Ex- 
ample of che Station of Jupiter, which lately hap. 
RN DFR ton): il 194. 


November geh at Noon. Nov. orb at N. 
. F 
The Mean Anom. of 9 10 o og 10 5 00 
Mean Motion of © 7 00 7 00 1 6 8 
„ TX Helio. from the 1 of V 2 25 11 od 2 25 15 53 
. S Place from the 1 of V 6 28 33 17] 6 29 54.00 
Log. diſt. of Þfrom the Sun 5, 20650 | 5,920680 
Log. diſt of © from the Sun 4, 994267 4,9941868 
X Geocentrick place 3 5 4 2803 5 4 27 
The Angle STT 113 48 45] 114 49 33 
The Angle SP.T. „% 1 9 38. 9 48.40 
The Angle STO 39 23 54] $9 23 54 
The Angle SPQ | 92 41 20 92 41 14 
The AnglePTQ 24 25 42] 25 25 39 
The Angle TFA 102 34 48] 102 29 48 
Log. of the Ratio of Velocir. 0,368210] , 368321 
Log. of the Ratio of the Sines 0,372912] 0,356757 


The Error of the 1 ſt Poſition 0,0047021 o,o 7 | 
The Error of the 24 Poſition 0,011564 


"AND becauſe one of theſe Errors does exceed 
the Truth, and the other is deficient from ir, ſay, 
as 16266 the Sum of the Errors, is to 4702, fo is 
24 Hours to 6 Hours 56 Minutes. Hence we 
conclude the. Time of the Station 'of Fupiter to 
haye been, November the 9th, Six Hours and 56, 


* 


Minutes after Noon. 
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LECTURE XXVII. 

Of the. Diviſion of TIME, and its Parts. 

7 5 IHE Parts of Time are known to all 
Men, being Days, Hours, Weeks, 

Months and Tears. A. Natural Day ,4 Natural 


— 
9 . 


7 Vacs 


| 


15 . 5 < 
ET 138 
* 1 
"s \ 4? 
a 1 
LN 


determined by thi Do... 

Sit MIT rmined by the Apparent M 

5 tion of the Sun from Felt ro Welt, 

and is that Space of Time that flows while the 

Sun goes from any Meridian, or Horary Circle, 

till ir arrives to the ſame again. It is called 

Natural to diſtinguiſn it from that fignificarion 

of the word Day, which is oppoſed to Night, 

and which is called the Artificiat Day 
ALL Nations do not begin their Day 'alikes _ 

The Babylonians counted the Beginning of their The dif- 

Day, from the Sun rifing. The Fews formerly ven. „ 

and the Athenians, from Sun ſetting; which the — 2 * 

Italians, Auſtrians and Bohemians do at this time; 

ſo that when the Sun comes to the Weſtern Ho- 

rizon, they count the Twenty- fourth Hour; and 

the Hour after the Sun 1s ſett, they call the firſt 


oy 
R . 
'- 


| 


Hour. 34 TY. 

THEY Who begin their Day at Sun riſing; 
have this advantage, that their Hours tell them 
how much Time is already gone ſince Sun riſing; 
and they who reckon their Hours from Sun ſer- 
ting, have this uſe of it, that they know how 
long it is to Sun ſerting, that they may propor- 
tion their Journeys and Labours for that Time. 

«But both of them have this Inconvenience, that 
they cannot immediately tell by their Hours the 
Times of Midday or- Midnight, but they muſt 
N ES”: come 
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368 ASTRONOMICAL 
2 Lecture compute by the length of the Day time, or the 


XX VIII Seaſon of the Year ; for in different Seaſons, the 
Time of Midday is reckoned, by different Hours. 


The Egyptians antiently began their Day at Mid- 


night, from whom Hipparchu that Antient and 


other Aſtronomers have followed bim therein. But 
the much greater part of the Aſtronomers have 
thought it better to begin their Nay from Noon. 
Vet the Methode of beginning from Midnight is 
Nations in Eurep me . 
IHERE are two forts of Hours, equal and 
unequal. An equal Hour is the Twenty fourth 
* Parr of the Natural Day. Beſides the diviſion of 
Hours received by the Vulgar into half Hours, 
Quarters, and half Quarters, we now generally 
follow the Aftronomical Diviſion, and reckon every 
Hour 60 Minutes, in every Minute 60 Seconds, 
and in every Second 60 Thirds, ge. 

ä AN unequal Hour is the Twelfth Part of the 
Artificial Day, or the Twelfth part of the Night; 

' oe it is called the Temporary Hour, becauſe" at 
ifferent Seaſons of the Year, it is of a different 
Length. For a diurnal Hour in the Summer is 
longer than one in the Winter; a Night Hour is 

_ © © * ſhorrer. | But in the Equinoctial Day, the Hours 
in the Day and Night are equal to each other; 
and therefore the equal Hours are called Equino- 

| Rizal: The ,Fews and | Remans formerly uſed 
theſe Hours, and the Turks reckon by them at 
this Day, and their Noon always falls upon the 
Sixth Hour of the Day. Theſe Hours are alſo 
called Planetary Hours, becauſe in every Hour they 
{uppoſed one of the ſeven Planets to preſide over 
the World, and they took it by turns; ſo that 
the firſt Hour after Sun riſing fell on Sunday to 
the Sun; the next to Venus; the third to Mercury; 


piter and Mars. By this means, on the firſt Hour 
of rhe next day the Moon preſided, and on that 


5 : 
* 
Ly 


'$ | 885 . 5 account 


Famous Aſtronomer, brought that way of reckon- 
ing into Aſtronomy, And Copernicus and ſome 


received in Britain, France, Spain, and moſt of the 


and the reſt in order to the Moon, Saturn, u- 


S 


Ann wwe SA Sr » o& o& w 3a 


"DECTUR BSI > 
account gave the Name to that Day; and the 
Days of the Week by this Method have had, their 
Names from the Planet that govethed the firſt 


Hour, till the end of the Weck 7507 29775 een TT, 


A Week is à Syſtem of ſeven Days, in which © 


each Day is diſtinguiſned by à different Name. 
The Chriftian Church called the firſt Day of the 


Week the Lord day, the *Vulgat® term it. Sunday, 


and none but the Phanaticks of out Time, 'evet 
called it Sabbath-day. The reſt of the days of 


4 


N 


ein 


x 


the Week were called Feria, Munday the Tecond ti if _ 
Feria, "Tueſday the third Feria, Co. and Saturday A 


they alſo called the Sabhath. dan But the com- 
mon People uſe the ſame Names that were given 
by the Romans; each Day being denominated from 
a Planet. i bas obhs ab sa nf 
A Month is properly that Space of Time the 


Moon takes to perform its Courſe in the Jodiaci; 


which, in the Space of a Year, it runs over 
Twelve times. There is another Month nearly 
wn to it, which is meaſured by the Motion 

the Sun, and is that ſpace of Time, in which 


the Sun moves through one Sign, or Twelfth 


part of the Ecliptick: Theſe Months ate properly 


Aſtronomical. A Civil Month is different from 


them, and conſiſts of a certain number of Days, 
fewer or more; according ro the Laws and Or- 
dinances of the Kingdom or Republick in which 
they are obſerved. The Egyptians made each 
Month to conſiſt of 30 Days, and the Vear con- 
liſting of 5 Days more than 12 Months, they 
added them to the end of the Year, and called 
dem Sagen + 277 out n 2697 
THE Year is either 4/ironomicat or Civil; 


A Month, 


The Civil 


both kinds of the  4ftronomical Years; wiz. the 6, of tw 
Tropical and Periodical, we have already defined“ 


in our XXII Lecture. The Civil Vear is the 
ſame with the Political. Year eſtabliſned by the 
Laws of a Country, and is of two kinds, Lunar 
or Solar, according as it is defigned to be re- 


gulated by the Motions of the Moon dr Sun. 


There are two ſorts of Lunar ears, the one 
A | moveable 


AST RONOMHIC4AL/ 
moveable, the other Fixed: The moveable: Year 


VII conſiſts of Twelve Synodick Months, or of Twelte 
WY WV Lunations which are compleated in 334 Days, an 

The ove. after that time the Year begius again. This, Year 
2% Liner jy leſs khan the Solar Vear, which brings back 


all rhe Seaſons. by Eleven Days. And therefor 


tt beginnings of ſuch Years: move thro'! all-the 


Seaſons, and chat in che ſpace of 32 Years: Thü 
Farm of 's Lear is obſerved by che Tarke and 


nen, SIN CE Twelve Ludations is leſs than @ Solar 
Uuar Tear. Year by Eleven Days, three Lunar Years are les 


than three Solar Years, by 33 Days; and there. 
fore to keep the Months in the ſame Seaſons and 
times of the Solar Year, to the third Year there 
is a whole Month added, and ir conſiſts of 1; 


Months: And this is done as often as is needful, 
to keep che beginning of the Year always in the 


ſame Seaſon. And the Month added is called an En. 
bolimæan or Iatercalary Month. In nineteen Years 
there are ſeven ſuch Months, and this kind of 
Lunar Vears are called Fixed, and were obſerved 
by the Greeks, whom the Romdns followed in this 
matter till the times of Julius Cæſar. 18 

THE Solar Year, which is made conformable 
to the Motion of the Sun, is likewiſe of two kinds, 
moveable and immoveable. The moveable is call- 
ed the Egyptian Year, becauſe obſerved in that 
Country: and it conſiſts of 365 Days, and is leſs 
than the Tropical Year in which the Sun runs 
his Courſe in the Ecliptick, by almoſt ſix Hours, 
By the neglecting of theſe ſix Hours, it happens 
- that four ſuch Years is leſs than four Tropical 


Solar Years by a whole Day: And therefore in 


four times 365 Years, that is, in 1460 Years, the 


beginning of the Years moves thro all the Sea- 


SINCE therefore an Egyptian Year is leſs 
than a true Solar Year, by almoſt ſix Hours; 
that all the Years may go on according to the 
Sun's Motion, a regard muſt be had ro theſe fix 
Hours, But it is requiſite alſo, chat the Political — = 
6 ns | avec Nl. 
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have always the ſame beginning, and char it com- Leg, 
nenck with rhe Day; for it would be ingonve, XA 


elne nient to have the Year begin ſometimes at one 

au Hour of the Day, ſometimes at another; which | 
ear would neceſſarily fall out if we added ro every, ay 
ac Year fix Hours. Now theſe Hours amounting 

fore in three Years to Eighteen Hours, if they. be ad- 

"the W Jed to the fix Hours of the fourth Year, will 


make a I 7 Therefore this Bay being 
added to the fourth Year, will reduce it again, 
to be even with the Motion of the Sun. Fuling 


cæſar perceiving this, ordered that every fourth 
leß Lear ſhould have an Intercalary Day, which 
ere. therefore conſiſts of 366 Days; and the Day ad- 
and I Jed is put in the Month of February, |. And be- 
ere N cauſe in rhe common Year the 24 of Februar, 
13 in the Roman way of reckoning, was the ſixth of 
ful, the Nalends of March, or the ſixth Day before 
the che Kalends of March, Ceſar ordered that for 
Em: that Year there ſhould be two ng, or that, 
eats I the fixth of the Kalends of March, ſhould be twice 
of reckoned ;* upon which account the Year was 
ved ¶ called Biſſextile, which we name the Leap-Vear. 
this This Form of a Year was inſtituted by Julius 
„car, who was then High-Ptieſt among the R. 
ble nan, and was called the Julian Year; whoſe 
ads, I nature is, that every fourth Year conſiſts of 366 
all- Days, and the other three only of 36. 
hat UT it muſt be Wc that the time. 
leſs appointed by Julius Ceſar for the Solar Year, is 
uns ¶ too much; for the Sun finiſhes his Courſe in the 
urs. I Ecliprick in 365 Days, 5 Hours and 49 Min. 
ens and therefore he begins again his round, Eleven 
ical I Minutes before the Civil Year is ended. So that 
in if the Sun in any Year has entered the Equi- 
the ¶ nox upon the 20th of March at Noon-day, after 4 
ea- I Years he will arrive at the Equinox 44 Minutes 
I before Noon, and the fourth Year after that he will 
leſs be there 1 b. 28 Min. before Noon; and ſo every 
ars; Vear 11 Minutes ſooner than by this reckoning; 
the Iſo thar in 131 Years, he will anticipate or enter 
fix che Equinox a Whole Day before the 20th of 
R F March: 
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ure March: And therefore the Cæleſtial Equinox wil 


by 


XXVIII not always fall upon the ſame Day of the Month, 
bur by degrees it will move towards the begin: 


ning of the Year: and this ſo ſenſibly in compaſs 
of time, that it cannot be doubtee. 
HENCE in the time ef the Council gf 
Nice (about which time, the Terms were ſerled 
for ' obſerving , Eaſter) the Vernal Equinox fell 
upon the Twenty firſt of March: but the Equinox 
continually falling backwards in the Year, in the 
Year - of Cbriſt 1582, When the Kalendar Wat 
corrected, it was found that the Sun entered 
the Equinoctial Circle on the 1 ich of March, and 
was departed Ten whole Days from its former 
place in the Year: And therefore when Gregory 
the XIII of that Name, Biſhop of Rome, deſigned 
to place rhe Equinocties in their former Situa- 
tion in reſpect of rhe Tear; he took thoſe Ten 
Days out of the Kalendar that Year, and ordet- 
ed that the Eleventh of Mach ſhould be reckon- 
ed as the Twenty firſt: And to prevent the Sea- 
ſons of the Year from going backwards as they 
did before; he ordained, that every Hundredth: 
Year, which in the Julian Form was to be a Bi, 
ſextile, ſhould be a common Tear, and conſiſt 
only of 365 Days; bur becauſe that was too much, 
every fourth Hundred was to remain Biſſextile. This 
new Form of the Year being eſtabliſhed, by the 
Authority of the Biſhop of Rome Gregory XIII. 


The Gre- is called by his Name the Gregorian Year, and 
torian car. is received in France, Spain, Italy, Germany, and 


in all the Countries 'where the Pope's Authority 
is acknowledged ; as likewiſe lately in ſeveral 
where the Reformed Religion is obſerved. Yer 
in Britain and other Northern Countries, the Ju- 
lian Form of the Year is ftill rerained. 
IH E Perſians obſerve the Egyptian Form of the 
Years to this Day, whence it is that the Equinocties 
remain not in the ſame Month, but move thro them 
all, and after a Period of about 1460 Years, the 
beginning of their Years falls in with the ſame 
time of the true Solar Year, This Time or 8 
8 | ri 
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ba - is called the Great Canicular Year, or the Lecture 
Sthiacal Period, becauſe it takes its beginning XXVIN 


on the firſt Day of the Month Thoth, or the firſt 
Day of that Year, when the Dog Star riſes He- 


liacaly,' for the Word Sothis in the Egyptian 
Language ſigniſies the Dog, which in Greek is 
called ag pov, that is the Dog-ſtar, which the 


Aſtronomers Name Siri. n nn ot; 

THE Antients not only diſtinguiſned the Times 
by Years, but by | ſeveral: Revolutions or Colle- 
ions of Years; ſuch was the Jubilee of 49 or 
50 Years; an Age conſiſted of a Hundred Tears. 
But among the Greeks the Olympriads. were eſteem - 
ed the moſt Famous, each of them containing the 
e 1 5 $a goo 2200 v7 

AS. in the Heavens there are certain Points 
from which the Aſtronomers begin their Compu- 
tations of the Planets Motions, ſo alſo there 
muſt be certain Points or Inſtants of Time, from 
which as from Roots. all Calculations muſt begin: 
and all Memorable Actions are diſpoſed; and te- 
corded, according to the Series of ears which 


follow from that Root. Theſe Roots are called 


Epoch's or ERA's, from which we generally count 
our Years and Times. The moſt: famous, beſt 


known, and moſt uſed by us, is that which is 


reckoned from the Nativity of our Lord Feſus, which 


begins at the 'Kalends of Fanuary that immedi- 


ately followed his Birth. great. | 
NOW altho' this Epoch is generally received 
by Chriftians, yet the Exgliſb and Iriſß have an 
Epoch A whole Year poſterior to it, which they 
commonly uſe in all Publick and Eecleſiaſtical 
Affairs: for they do not begin their Year, with the 
firſt of January that follows the Nativity, but with 
the Feaſt of the Conception or Incarnation, which 
is obſerved on the 25th of March; and therefore 
it is that the Engliſh reckon from the Feaſt of 


Lady-day 1718, that there are compleated 1717 


Years; but from the Birth of our Lord to the 
Feaſt of the Nativity of the Year 1717, they 


number 


F 


Tedtun number only 19 16 Fears elapſed, whereas al 1 
XNMII reſt of the Chriſtian World count 1717 Years, 


N. * ſuppoſed ta have been conceived the 680 
Ka. T "be of the Kalends of April, in the firſt Year of thi 
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IN this Affair chey exactly agree with Dia 
u ſurnamed the” leſs, according to whom Cinif 


ERA; and was born the Winter following, 2 
the end of the 46th Year: from the Reformation 
of the Kalendar by Julius Caſar. This way of 
computing was at firſt univerſally received; but 
aſterwards by degrees and tacitely, all Nation 
receded from it; fo that it does only now take 
place in Exgland, and the Dominions thereof; and 
the common Opinion is that Chriſt was Born the 
Winter preceding the Time that Diongſiu reck- 
oned the conception to have been; and by this 
means they make C briſt to have been a Year 
before Dionyſius the Author of the Era ſuppoſed 
Unna ene od Pk 
';:BUT yer for all this the Engliſp for the great. 
eſt part of the Year, deſign it by the ſame num- 
ber that the reſt of the Chriſtian World does: but 
for three Months, viz. from the Kalends of Fa- 
auary to the 80h of the Kalends of April, they 
write one Lear leſs. 4% 469" 0 

THERE is likewiſe the Epocha of the Crea- 
tion, which is much noted, yer about it there 
are great Controverſies among the Chronologiſts; 
ſome affirming that the World was created 3950 


Years before the Birth of Chriſt; others again 


fay, that at the Birth of Chriſt the Age of the 
World was 3983 Years. The Greek Church and 
the Emperors of the Eaft uſed an Epocha of the 
Creation, which was much more antienr, and 
makes the World to have been Created 15509 

Years before the coming of Chriſ. 
AMONG the Prophane Authors, the Autient- 
eſt Epocha is that of the Ohmpiads, which. begun 
at the Summer of the Vear 777 preceding the 
Birth of Chriſt, and on the Kalends of July. . 
THE Epoch of Rome, or of the Building of the 
City, is not long after the Ohmpiads, and there 
| * are 


e wo of them, the Vurronian and Capitolian; 
(ccording to the firſt, the City was built the XXVI 
Year before Chriſt 753; according to the other it WW 


| 0 


was in the Lear 752. 

THE ra of Nabonaſſar has always been fa: 
mous among the Aſtronomers, and began on the 
eth of February of the Julian Year carried back 
ward, and before Chriſt 747. And becauſe that 
Day was then the firſt Day of rhe Egyptian Year, 
Ptolemy, and after him Copernicus, compured the 
Motion of the Stars according to that ra by, 
Egyptian ears; for the Egyptian Year is very 
convenient for Aſtronomical Calculations, it being 
imterrupted by no intercalary Days. es. 

AFTER this we have another Epocha of th 
Death of Alexander the Great, the three Hun- 
dreth and Twenty fourth Year before Chriſt,” on 
the 1 20h of November; which was chen the firſt 
Day of the Egyptian Lear. Theon, Albategniu, and 
ſome. others, have computed from thence accord- 
ing to the Egyptian Year. Between the two 
Eras of Nabors Far and of the Death of Alex- 
ander, there are preciſely 424 Egyptian Tears. 
The Abiſſines reckon by another Aras, which 
is called the Era of the Martyrs or of Diocleſian. 
The Turks and Arabians reckon by an Era, 
which they call the Hegira, which rakes its be- 
ginning from the flight of Mahomet. The Perſians 
have likewiſe an Epoch which they call Ieſdegird; 
all which are; are explained: by. the Chronologiſts, 


Zut the Julian Period ſeems to be the moſt uſe- 


ful and convenient of all, it including almoſt all 
other Eras within it, and it is a Period of 7980 
Years; which Number is compoſed by the Multi- 
plication of the three numbers, 15, 19 and 28. 
The firſt is the Cycle of rhe Indiction; the ſecond 
is the Metonick Cycle of the Moon; and the third 
is the Cycle of the Sun. And the firſt Year of 


this Period was that wherein all theſe three Cycles. 
began together. I will here add a Table, which 
gives the firſt Year of the ſeyeral Aras, and re- 
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Lecture duces them to the Years of the Fulian Period 
+ and to the Years Ms or en TOR! 9 of 


| 11 . 
Varel 201 nn, rods ** Nears be; 
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The Creatica ofthe Worldaccord-Y | at 

ing to the Greek Emperors. 

The Common Ara of the Creation. 3950 8 76 
The Beginning of the Ohmpiad . 776 3938 
Tbebuildingof Rome, accord ingtob 753 -396 
The Building of Rome, Sean r 

to the Regiſters of the Capitol. 1 1 390 


55 


The ERA of Nabonaſſar. 7473967 
9 Death. of Fedor the Gora, 144 | 435 
3 
The cominon Chriſtian Epoch. | 47¹ʃ 
The Diocleſian ra. oy © ($7 | 4997 


The Hegira of the Turks.” oY, wal 1 622 [533 
The Feſdegird of the Perſians. 632 3340 
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HE Kalendar is à Table, in Which | 
are ſer down all the Days of the * 4 * 


T Vear, in a regular diſpoſition, ac- 


go? e cording to their Months, with a di- 
* Us tribution of them into Weeks. The 


Vigils, Holy-days and 'Law-days, together with 
the Univerſity Terms, are likewiſe annexed. The 


diſtribution of Days into Weeks, is made by the 
ſeven firſt Letters of the Alphabet, ABC D EFG. The po 
Beginning at the firſt of Januar, to it place 


y | 


- 


Letter A; to the ſecond' of Fanuary B is joined 
to the third C; and fo on to the ſeventh, where 
G is figured: And then again beginning with A, 
which is placed at the Eighth Day; B will be ax 


the Ninth; C at the Tenth ; and fo continually rea 


peating the Series of theſe ſeven Letters, each 
Day of the Year has one of thoſe Letters in the 
Kalendar. By this, means the laſt of December 
has the Letter A joined to it. For if the *365 
Days which are in a Year be divided by ſeven, 


we ſhall have 52 Weeks, and one 
If there had. been no Day over, all 


Day over. 
the Years 


would conſtantly begin on the ſame Day of 
the Week; and each Day of a Month would 


conſtantly have fallen upon the ſame 


Day of the 


Week. Bur now becauſe beſides the 52 Weeks 
in the Year, there is one Day more, from thence 
jr. happens that on whatever Day of the Week 
the Year begins, it ends upon the ſame Day; and the 


next Year begins with 0 following 


Day. For 


Example, 


= 


_ 2 e 
> b 


che miete Let 
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Lecture. Example, in a common Year of 365 Days, if tht 


. XXIX. Year begin on a Sunday, it will end on Sunday; and 


4 : 
jt 
f . 


e firſt Day of the next Year will be Aendey. 
THE Lerters being ranked in this order; that 


\ Letter which anſwers to the firſt Sunday of Fanu- 


ary in a commbn Year, will ſnew all the Sundays 
thro out the Year; and to whatever Days in the 
reſt of the Months that Letter is put, theſe Days 
are all Sundays; and therefore that Letter is call- 
ed the Dominical or Sunday Letter of that Year, 
So alſo whatever Letter is joined. to the firſt 
Monday in January, the ſame, as often as it is 
tepeated in the Kalendar, ſuews the Mondays thro- 
eqn. L 


* 


| out rhe 45>" 1&7 | 6 pt boy 
IC the firſt Day of Fanuzry be a Sunday, the 
laſt Day of the Year, as I have ſaid, will like. 
wiſe be a Sunday; and therefore the nex: Year 
will begin on Monday, and the Sunday will fall 
on the ſeventh Day, to which is annexed. the 
Letter G; which therefore will be the Sunday 
r for all that Year: And ſince the Year 
began on Monday, it will alſo end on that Day; 
; and the following Year will. begin on 4 Tueſday, 
and the firſt Sunday will fall upon the ſixth of 
January, to which Day is adjoined the Letter F, 
hich is the Sunday Letter for that Year, And in the 
ame manner for the Year next following, the 
Dominica! Letter will be E: By this means the 
Sunday Letters will go in a retrograde , order 
by GFEDCBA.. In the Yearly, Kalendars, 
hich we call Almanacks, which is an "Arabick 
Word, the Dominical Letter, for to diftinguiſh it 
the better, is made a Capital, and all the reſt are of 
a ſmaller Form. By this means, at one view, 
we ſhall ſee all the Sundays in the Year, 
IF all the Years were Egyptian Years of 363 
Ys, after a Period of ſeven Years, the ſame 
ays of the Month would return to fall' on the 
ume Day of the Week. But we obſerving the 
Fulian Year, where every fourth is Bi ſſextile of 
cents of 366 Days, in which beſides the 52 Weeks 
there ate two Days over. If that Year more 


11 


i 1 gain the fifth Year of the Cycle ł I 


| Nays of 


r A $0. _ 


che nexr Sunday will fall upon the ſixth of March, * 


TY e > Fw 


eo it are G and F. For the ſecond 


and fo in the reſt. 15 ; h ſmall e 
| ſhews 


 TECTVRES.: 
wi wit a Sendo, ir will end Pa 22 nin 
the next Year wi in 
oo firſt Sunday 3 Year wile 17 et 
f Fanuiry, to is annexed t 
which will be rhe Patnjniral Leer 75 el a 
following chat Leap-year w Du well | 


wa 18 
545 this means, the Bag 1 
exery fourth Near, the oe, of the 2 4 | | 


euern ſucceeding I FP 196 red, and 
does not return in x e 


leyen, 

Cele of + le of 28 * Hiic 1 ran, fe 5 The Cycle 
dun; which being copplegied ff of LL the Sith; | 
Mont * 5 1 ſame oy 

be Week, T this Czcle al . 1 5 


* 5 rwo Dowinzcal Letters, the | 
wy takes p e kill the 24th or 230 1 | | 
and the other Nees br Ache * "of 1185 nt 


in the By fſextile Year the 24th 1 
mam ate eſteemed as one role las (7 | 
and both of them have th Letter F an- 
nexed to them; and by this the order of the 


Sunday 1 ns red, For Example, if in 
the 4 of 2 the Sunday E is 
E, the 24th of Febryary 772 fall upon à Mopdey, 
and the 2575 on. a Tueſday ; both ; which Days 
are marke 701 x 2 F ; and therefore 


the following Ler , which ſhewed the Turf | 
before, will now —— our the Wedneſdays; a 


; 1 in the Kalender is annexed the Lertet 2 
which wil point out the Sundays for all che 
nt of, f the Year, aad then becomes the Domini- 
ter. | 
THE firſt Year of the cycle of the Sun is 4 
3:ſextile, and the HDaminical Leners 7 g 


unday Letter is E; for the third D; t four 


iſſextile, has two Dominical Letters B and 
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ITecture ſhews what Dominical Letter belongs to each be 1 
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The move. BESIDES the fixed and ſettled Feaſt, which Sun 
able Feaſts. are always on certain and determined Days of that 
the Year, there are other Feaſts and Holy-days N qt N 
which ate moveable, and in different Years fall J un- 
upon different Days of the Month, and ſome- and 
rimes in different Months: Theſe Holy-days are Kale 
not regulated by the Motion of the Sun, but um 
by that of the Moon: Such was the Feaſt of the 
the Paſſover, inſtituted by God himſelf, for the 1 
| Jews ro obſerve ; and is ſucceeded by the Chri- vent 
The nas ftian Eafter, in Memory of our Saviour's Re, Moe 
ejEalter, furrection. God ordained that the Paſſover ſhould F they 
be Celebrated in the firſt Month, the 14h Daf Moc 
of the Month at Even. See Leviticus Chap. XIILE @ | 
Now the FewiſÞ Year was a Lunar Year, and Moc 
ſo ordered by Intercalary Months, that the Month hap 
- whoſe fourtenth Day, or whoſe full Moon, fell] as a 
either on the Verna! Equinox, or next after it, thor 
was reckoned the firſt Month of the Year. The Con 
| Chriſtian Church was villing to obſerve the] Tin 
ſame” Method in celebrating of Eaſter. But yet eſta 
10 diſtinguiſhed it from the Fewi/þ Paſſove ß 

would not keep the Feaſt on the 14h Day, bu 
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LEC TURES. 


on the Sunday after, becauſe our Lord roſe upon Ledkhed 


— Sunday after the Jewiſp Paſſo ver.. XIX. gh 
THEREFORE! for determining che time for wp 


the celebration of Eaſter, we muſt deſine the- 
Time of the Equinox, which was believed to be 
fixed to the Twenty firſt of March, and the 
Fathers thought it could never happen on any 
other Day; aud cherefore they made their K- 
undar upon that ſuppoſition. Then they called 
that the "Paſchal or firft Month, whoſe 14th Day 
or Full Moon fell on the Equinoctial Day, char 
is on the 21ſt of March, or next followed the 
21 of Manch. But becauſe che Jewiſ Months 
were Lunar Months, the 14% Day immediate- 
ly preceded the Full Moon ; therefore for the 
Time of the Obſervation of Eaſter; we muſt have 
2 regard to the Motion ot the Moon, and the 
Times of New. Moons and Full Moons muſt be 
ound. The Jews had no other way of finding. 
the New Moon, but by Obſerving it; and when 
the Moon 'firft appeared to emerge out of che 
Sun's Rays, or to riſe in the Evening Heliacly, 
that Day they called the firſt. Day of the Moon 
at Month. The Chriſtian Church computed their: 
Lunations by the Metoniclh Cycie of 19 Vears; 
and therefore they inſerted this Cycle in their 
Kalendars, and called its numbers the Primes or Gold- 
numbers, by which they determined the TER of 
the Lunations. 

THE Metonich- Cycle, called ſo from its In: The cycle 


ventor Meton; is alſo termed the Cycle of the of 2 


Moon, and eis a Period of 19 Vears, which when tonick Cycla | 


they are compleated; the New Moons and Full 
Moons return on the ſame Days of the Month; 
ſo that on whatever Days the New and Full 


Moons fall this Year, 19 Years hence they will 


happen on the very ſame Days ef the Months, 

as Meton and the Fathers of the Primitive Church 

thought. And therefore at the Time of the 

Council of Nice, when the way of ſetling the 

Time for Obſerving the Feaſt of Eaſter was 

ab ies 3. the W . the Lunar Oele were 
Bb3 inſerted 


"Y 
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Eecture inferred in the Relendar; which upon the account 
XXIX. of their excellent uſe, were ſer in Golden Letters, 
ad the Year of: the 'Cycie' for any Year, way 
- called the Golden Number of that Year. 


THE Golden Numbers were placed in rhe 
Kalender, accotding to the following Method; 
taking any Year for the beginning of the Cycle, 
which they reckoned by the number 1, and ob. 
ſerving every Month the Days on which the New 
Moons happened that Year, juſt by :thofe Days 
they joined the Number 1. And berauſe in chat 
Year the New Moons h ed on the Twenty 
third of Jannaty, the I firſt of Frbruam, the 
Twenty third of March; the TW firſt of 
= the Twenty firft of May; the Nineteenth 
June, and ſo in the reſt; juſt by rhofe Dayt 
in the Column of the Golden Number, they put 
the number 1. The ſecond Near obſerving the 
New Moons, to the Days on which they 1 
they inſcribed the Number 2, vix. to rhe Twelfth 
of January; the Tench of February; the Twelfth 
of Marcb; the Tenth of April; and ſo on in the 
reſt of the Montlis. The ſame — A7 d 
the Third Year, annexing the Number 3 to a 


the Days the Moon changed in that Year, and 
ſo on in the following Years, till the whole Pe- 


riod of 19 Years was compleated. But the moſt 


accurate diſpoſition of the Golden Numbers, ig 


by the Mean Lunations, as they are ſett down 
in the Aſtronomical Tables, for every Month and 
each Year of the Lunar Cycle; And fixing ac- 
cording to that Computation the Character of 


the Year to each Day, on which the Lunation 


BE CAU SE a Lunar Aſtronomicul Month con- 
ſiſts of 29 Days, 12 Hours, 44 Minutes and 3 
Seconds; the common People, who cannot dis 
ſtinguiſn the ſmall Particles of Time, do make 
the Lunar Months to conſiſt of intire - Days with- 
out Fractions, and on that account they alter- 
nately put one Month of 30 Days, and the next 
of 29 Days, theſe are called Hollow or 8 

. „ t t 


— 
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eee. 


- i us els al. tre. at 


which in our 
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that is, deficient Months, the others Full; che 12 
Hours over the 29 Days requiring this alterna-NXXMX. 
tion: Bur becauſe there are 434. Minutes beßdes. you 


which 1s almaſt three Quarters of an Hour in 


every Lunation, in 32 Lunatians theſe Minutes 
will make up a whole Day, which is to be ad- 
died to à Hollow Month, and by this: means the 
Lunations of the Kalendar will 


nearly agree wit 

choſe: of the Heavens.  - poſt; — 
IF we know the Year, of the Lunar : Cxeve, 
Liturgy is called the Prime, we 
have the Days of the Moons change theo out 
the Year; for in each Month the Golden Num- 


ber or Prime is ſet to the Day the change haps ; 
pens on; and adding to that 14 Days, we ſhall 


have the Day of Fali Moon DE Tho 
THE Antients imagined chat the Geis of 19 


Vears did exactly compleat 235 Lunations; and 
therefore after che Revolution of that Time, che New . 


Moons not only fell on the ſame Days of the 
Month, but likewiſe on the ſame Hours of the 
Day, which is not true: For in 19 Julian Years 


there are 6939 Days and 18 Hours. But if ta 
every Lunation we allow 29 Days, 12 Hours, 


44 Minutes, 3 Seconds, which the Motion of 
the Moon requires; 235 Lunations will make 6939 
Days, 16 Hours, 31 Minutes, and 45 Seconds. 
Therefore 235 Lunations are not equal to 19 
Julian Years, but are leſs by one Hour aud an 
half. And conſequently rhe New Moons after 
19 Years, will not return to the fame Hour, 
but will be an Hour and an half goner; and 
in 304 Years. they will anticipate a Whole Day. 
And therefore the Golden Number will, preciſe- 
ly endugh for common uſe, ſhew the Lunations in 
the ſpace of three Centuries,” without the Error 
of one Day. In the Council of Nice, when the, 
Cycle of the Moon was fitted to the Kaleudar, and 
ſome Centuries aſterwards, it did nearly enough 


Lunations in every 304 Years, anticpating a 
ile ap, hey no Happen ine: ne Days 
217 1 


ſoone r 
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|Ledhirs - ſooner than they ſhould do, according to the Rule 
XXIX. of the Golden Number: Norwithftanding of this, 
A the Church of England retains the way of com- 


puting rhe Lunations by the Golden Number, as 

it was diſpoſed in the Kalendar at the time of 
_ *- the'Nicene Council: And the New Moons com- 
puted in that manner are called Eccleſiaſtical New 
Moons, to diſtinguiſh them from the true ones, in 
the Heavens: And the general Table or Rule for 
finding Eaſter for ever, which is in our Lirurgy, 
by the Golden Number and Dominica! Letter, is 


made according ro chat he vgs of the Golden X 


Number. | 

IN che. firſt Year of the Chriſtian Ere, Fob 
was the Golden Number; and rherefore if ro the 
current Vear of Chriſt we add 1, and divide the 


Sum by 19, the Rema inder alter the W „ 


will give the Golden Number. 
FROM the Cycles of the Sun and Sinn multi- 


plied into one another, ariſes a third Period of 


$532 Years, which is call'd the Victorian or Dio- 
nyſſan Period: And after the completion of this 
Period, not only. the New and Full Moons return 


to the ſame Days of the Month; but alſo the 


Days of the Months return to the ſame Days of 
the Week; and therefore the Dominica! Letters, 


and the moveable Feaſt's return again in the ſame _ 


Order. Hence this Cycle is call d the * Paſ- 
chal cycle. 
FOR toi find the Year of the eres Period 


for any Year of Chriſt, to the current Year add 


the Numbes-457, and divide the Sum by 532, 


the Rema der afrer the Quotient, i is the Year of 


the Period, 
1T is 2 Problem of another kind a "Honig the 


Cycles of: the Sun and Moon, to find the Tear of 


che, Dionyſian Period. For Example, ſuppoſe the 
| Year of the Cyc/e'of the Moon ro be 17, and of 


the Sun 21: For to ſolve; this Problem, ir is re- 


quir'd to find a Number, which, when ir is di- 
vided by 19 leaves 17, and when it is divided by 
28 leaves 21. _ ro find 8 let it be requir d 

| 10 


. 


* 


— 


9 * — * 5 conſequenitly Wu: 775 = is. 4 | Number. 


muſt be a multiple of 19, therefore 2 8 


IL RCT RUBS; | 27 
to 8 two a TY one of which will divide Le. ͥ vw 
exactly by 28, without a Remainder, but when XXX © 
it is divided by 19. leaves 17 ; and another Num- 3 
ber which will divide exactiy without à Remain- | 
der by 19, bur when it 1s divided by 28 leaves 
21: It is plain that the Sum of theſe two Num- 
bers will anſwer the Queſtion. | 
WE will here ſhew the Analytical Inveſtigation 
of rheſe two Numbers. We will ſappoſe"'the firſt 
Number to be 28 &, for it is a multiple of 28 ; 
and becauſe this Number divided by 19 leaves 
17; if we take 17 from it, the Remainder di- 
vided by 19 will be a Number; ſince then 19 di- 
vides 28 x — 17, and it alſo divides ' 19x, there- 
fore, it will divide their Difference, Wich is 7 f 


Call hat Number e 5 9 * - — 17. —9 19 5 N 
and 9 * 19 1 17, and x = 19.9 +17 +17 | . 


9. 
and becauſe æ is an intire CNL 9 muſt divide 
19 1 ＋ 17, but 9g. divides. 18 » ＋ 9, therefore it | 
wall divide the Remainder; u + 8, and therefore . 


8 is a Number. Let that Number be I, and 


n will be =1, and * A; conſequently 


28 x = 112'= to the firſt Number to be found. 


Suppoſe the ſecond Number to be 195, for it | 
199 — 20 | 


is an integer Number; ſuppoſe it ro be n, than 
197 <= 21 28 1, and „e which 


muſt likewiſe be an intire Number, and be 


28 1 ＋ 21 will be divided by 19: Bur 19 divides 
19 n ＋ 19, N it will divide the Remainder 


* * 2, ade 7 e is _ intire Number: 5 1 1 


VE there? 
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Lecture therefore 9 muſt divide 19 p — 2; but it divides 
XXIX. 18 7, therefore it muſt alſo divide p — 2, and 
Wo hen Integer or o: Let it be equal to o, then 
5 1 — 2 | +2 1-$0-255 
5p =2 and- 2 * we” wen 4, and 19 9 == 28 4 
＋ 21 = 1333 therefore one of the Numbers 'i; 

112, and the other is 133, whoſe Sum is 245, the 
Number requir'd : And whenever the Cycle of the 
Sun is 21, and chat of the Moon 17, the Year of 

the Dionyſian Period is 245  - © 

IH E ſame Problem may be otherwiſe folved, 

by ftated and conſtant Multiplicators, which are 

| ſuch, that one of them can be divided by 28 

' withour any Remainder, but if it be divide 

19 there remains 1: The other will divide by 19 
without a Remainder, but when it is divided by 
28 there is a Remainder of 1: Such Number 
are found in the ſame way as the preceding Num- 
bers were, »iz. I ſuppoiĩe the firſt to be 28 x, and 
the other 19 y ; wherefore 19 will divide the Num. | 
ber 28 x — 1, without any Remainder, and. therfore 
it will divide 9 x — 1 without a Remainder, and 


252 vill be a whole Namber: Suppoſe it e. 


3 | 
qual to u, then 4 LH therefore = is 
an intire Number, and the leaſt Number that can 
be put for 158: Let therefore » = 8, and. x be- 
| ing== must be 17, therefore the fk 
Number being 28 x, will be 476. Again, let 


+ / e = n, then r ſuppoſe 


re eee ee 


. 1 e 


either a whole Number or nothing ; let io, 
and y = i, then a = = 2, and 195% 281 


+1 = 57. Therefore the two Numbers that 
, ; 3 1 6 * ** V7 1 were 
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akoa + 


were to be Fouad, 50 old 57, Ai beeauſs 
multiplied by an 


the Number 476 divided by 19 leaves 1, if it be N. 
Noinber leſs than TH And the ws 
Product be divided by 19, there will remain the - 
Number which e it. In * manner, be.” 2 
cauſe 57 divided by 28 leaves 1, if 37 be mul- © > 


tiplied by any number leſs rhan 1 and the Pro- 
duct be divided by 28, there will be left rhar 


Number which mu altiplied 57. Hence we draw 
this genera _— for . the Tear of the Bio- 
fan Period. Multiply the Cycle of the Sun by 
57, and the Cyele of the "Moon by 476; divide the 
Sum of the Products 532, the Remainder. af- 
rer the Quotient will the Year of. the Diom- 
fan Period: 

BESI D ES cb Cycles of che Sun and Mood. The Cycle of 
there is another Period of Years, which is called Hine. 
the Cycle of Indictions, which the Romans uſed, 
and has no Connection with the Celeſtial Mo- 
tions, but is a Revolution of 15 Years, which be- 
ing compleared, it begins again. It is frequent- 
ly mentioned in the Imperial and Pats Diple- 


mag. The Year before the Birth of Chriſt rhe In- 


diction was 3, and therefore if to the Year of 
Chriſt you add 3, and divide the Sum oy, 15, iy 
Remainder ſhews the Year of the Indiction, 
there be no Remainder, the Indiction is 15. 

OF theſe three Oles of the Sun, Moon, and Tie Julian 
fadiiot, by their mutual Multiplication, the „ 
lian period of 7980 Years is compoſed. This _ 
riod had its beginning 764 Years before the Cre- 
ationꝝ and is not yet compleated, and therefore it 


comprehends all other Periods, Cycles and Epeches, 


and the Times of all memorable Actions and Hi- 

ſtories. There is but one Year in che whole Pe- 

riod, which has the ſame Numbers for the three 

cycles of which it is made up; and therefore if 

the Hiſtorians had -remark'd in their Annals the 

Cycles of each Year, there had been no a 

about the time of any Action. 

THE Year before the Birth of Chrift was — 

the 4713 Year n the Galley Period. And therfore 22 75 


1 riod. 


11 14 1 0 ö t 
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_ — — 
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cles t « 2 435; oe | 
24 the Tear the Chriſtan Era. 
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ectare if to the current Year of Chriſt we add 4713, the 
Sum will be the Year of the Fulian Period: On 

the contrary, from the Year. of the Julian Period, 
| ſubſtract 4713, there will remain the Lear of 


p - 
3 * 


j 


ian Having the Years of the Cycle of the Sun, Moon; 
and Indiftion, to find the Year of the Julian Period. 
This Problem may be ſolved in the ſame manner ag 


we ſhew'd in the like Caſe about the Diamſian Pe- 


_ 310d, vix, by 7 3 Numbers, ſuch as the firſt is 


a Multiple of 19 and 15, or of their Product 285, 
but being divided by 28, leaves the Number of the 
Cycle of che Sun for a Reſidue. The ſecond Number 
myſt be a Multiple of 28 and 13, or of their Product 
420, but being divided by 19 leaves the Vear of 


dhe Cycle, of the Moon. Laſt, The third muſt 
de a Multiple of 28 and 19, but being divided by 


15 leaves the Year of the Indiction: The Sum of 
theſe Numbers if leſs than 7280, is the Year of the 
Julian Period, But if the Sum be bigger, divide 


by 7980, and the Remainder. will be the Year of 


een SE on 
THE Problem may likewiſe be ſolved by con- 
ſtant and ſtated Multiplicators, the firſt of which, 
is a Multiple of the Number 285, but divided by, 
28 leaves 1. The ſecond is a Multiple of 420, 
but divided by 19 leaves 1 for a Reſidue, , The 


third is a Multiple of 532, but being divided by 
{15 leaves for a Remainder 1. Theſe Numbers 
are to be found by the ſame Method we ſhew'd in 


our former Problem, concerning the Diomſian Pe- 
riod; and are 4845, 4200, 6916; which being 


onee found, the Canon or Rule for finding the 


Lear of the Julian Period from the Years of the 
Cycles, is this; Multiply the Number 4845 by the 


Year of the Cycle of the Sun, and the Number 
4200 by the Year of the Cygle of the Moon; like- 
wiſe the Number 6916 by the Year of the Indi- 
ction. Divide the Sum of theſe Products by 7980, 


neglecting the Quotient, the Remainder will be 
the Year of the Julian Period required. Exam- 


ple. In the Year 1719, the Year of the Cycle of the 


Sun 
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113 multiply 4845 by 19, the Product is 92055, 88 


37800 ; and laſtly, 6916 being mulriplied by 11, the 
Product is 16076. The Sum of the Products is 
205931, which being divided by 7980, will have a 
Remainder of 6431 n which is the Lear * 
the Julian Period. 


6288688888650 28863855555 


LECTURE XXX. 


45 Aru, containing a Diſeriprion wil 


Uſe of both the Globes; together with. 
ſome Spberical Problems, that are to be 
ſolved 47 4 Trigonometrical e 


lin. e 


Globes, ſome are common to both 

; : Globes, ſome are peculiar to. one 

Ny che Two: And thoſe Things that are, 

l common are either without the Sur-. 
face, or painted on the Surface. 

Withour the Surface of the Globes, are to be ſeen. 


"FIRST, the rwo Poles, abour Which the Globes 


revolve, the one is the Artick Pole, named fo from 
the two Bears that are nigh to it, and is called 


likewiſe the Septentrional or North. Pole, from the Sep- 


tem triones,or the ſeven Stars of Charles s Wain: The. 

other oppoſite to it, is called the Antarctich Pole. 
. SECONDLY, The Brazen Meridian, = 
one fide of it only, which is diſtinguiſhed and di-. 
vided into Degrees, and which paſſes through the 
Poles, repreſents the true Meridian; and this fide: 
is always ro be turned to the Eaſt, and the North- 
Fol to the North. The Meridian is divided 1 = 
our 


r the Things % Which pertain to ih | 


ere EN 
Sun is 19, of the Moon 9, and of che Ladictie ) a 880 


and 4200 being . multiplied by 9, the Product 1 
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[RDLY, The wooden Horizon, whoſe 


from the Horizon; from which the Degrees are 
number d upon it upwards to the Zenith, 
FIFTHLY, The Horary Circle divided 
into twice twelve Hours: The 18rh Hour at 
Noon is upon the upper part of it, at rhe Meri- 
ian, and the 12th at Night is on the Meridian at 
the lower fide towards the Horizon. The Pole 
carries round the Hand which ſhews the Hour, 
and is inthe Center of the Circle : The Hours up- 
on the Eaft-fide of the Meridian, are the Morn- 
ing Hours, theſe on the Weſt · ſide are the Hours 
after noon. 55 1 by 
'SIXTHLY, The Mariner's Compaſs is 
fixed upon the Pediment or Wooden-Frame, which 
contains rhe Globe, and by it the Globe is pur in 
a right Poſition in reſpect of the Points of the 
Heavens. 1 lh 5 
SRVENT HIL v. The Semicircle of Poſition, 
wWhoſe Extremities are fixed to the Points of North 
and South, ſo that the Semicircle can be moved 
freely from the Horizon to the Meridian, and may 
be raiſed to any Poſition, Theſe things we have 
ö deſetibed 


. are without the Globe: — the Sur Lodure 1 xo 
faces are delineated the things following. e 

F A RST, The Equin Circle divided i into Be 
360 De prees 3 the Numbers begin at the Vernal nad 
larerſe , or at the firſt of V, and are continued | 
till they Ns to the ſame. | 4 

SECONDLY, The Ecliprick divided into 
12 25 and each Sign into 30 Degrees, their 


Characters and Order are to Og N 25 
hey are, 8 | 
ies, or the Rum. Taurus, or 10 Bull. Comint, of 


93 N 
the Hel n, or the Crab, Leo, 2 Lion} 


x 280-0 Jy. 


„„ ee 


* 
Virgo the Virgin. Litrs the Balance. — the 
* 
Scorpion. eine. us the Arber. We the 
Coat. Aquarius the 8 Piſces the Fiſkes: 


THE Sun in his annual Motion paſſes thro⸗ 
the Ecliptick, and if we add to it a broad Space 
of about eight Degrees on each fide, we have the 
Zodiack, in which are the 12 Aſteri/ms or Con- 
ſtellarions, the moſt of which have the likeneſs of 
ſome living Creature 3 upon which Account the 
Zodiack has its Name. In this broad Circle the 
7 and all rhe Planets perform their Motions: 

The ehe is to be diſtinguiſhed from the B- 

quinoctial Circle by this, that the Equinoctial, 
uhile the Globe is turned, does always cut the 
Meridian and the Horizon in the ſame Points, 
Bur rhe Ecliptick conſtantly changes irs Poſition; 
ſometimes while rhe Globe is turning it is high, 
ſometimes it is low, ſometimes it cuts the Equa- 
tor and the Horizon in one Degree, ſometimes in 
another. 

TH IRD Lv, There are the two Tropicks of 8 
and wp, which are the Limits or Boundaries of the 
Sun's Deviations from the Equinoctial, either to- 
wards North or South, including between = 

˖ 


/ 


* 
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Ther the Oblique Courſe of the Sun, rhat is the Belg RF" 


- tick, and may be called rhe outermoſt of the * 
Vun Parallels. For becauſe the Sun eve Day fol 
| paſſes to*a' different Degree of the Ecliprick in iu 
Annual Motion, that Degree with the Sun in it 
£ | being , carried- round the Earth by the Diurnal Y * 
Nevolution of the Heavens, will deſcribe a Cir. die 
| cle Parallel to the Equator, and then there muſt Y aj: 
be fo many Parallels, as there are Days from the the 
longeſt to the ſhorteſt ; tho the Sun does nor fe. m⸗ 
main for'a Day in one Point of the Ecliptick, bur #5 
3s continually advancing forward'; and therefor th 


' 


| | does nor deſcribe a. perfect Parallel, but rather a yo 
13 Spiral Eine: But che Diſtance between each Spire rut 
1 "FEM being but” very ſmall, eſpecially near the Tropicks, eri 
we may. well ſuppoſe the ſingle Revolutions, but qu 
eſpecially the outermoſt, to be Parallels; which is Fr 
ſiufficient for common Ute, and is moſt convenient 12 
| . FOURTHLY, The two Polar. Circles the Gl 
| Arctick and Anrardtick; which have been explain. MW 4; 
ed in our VII and XVIII Ledure. Theſe ching TY 
we have here mention d, are common to born on 
Globes, tho the Ecliptick and the Semicircle of Po- 7 
ſition, do properly belong only rothe Celeſtial Globe; in 
yet they are put upon the Terreſtrial Globe alſo, an 
that the Phænomena which depend upon the Mo- th. 
tion of the Sun and the Points or Cuſps of the ! 
Houfes, may be thereby explain d, if needful. 
_ © THOSE things which are peculiar or proper 
to one ſort of Globe, are Partly ſome Circles ot 
Curve Lines, as in the Celeſtial Globe, the two Co- 
lures, and the Circles of Latitude. In the Terre. 1 
ſtrial the Meridian's, Parallels and Rumbs: Part- Pe 
ly the Repreſentations in the Terreſtrial Globe, of | yo 
Seas, Iſlands and Countries, which we leave to the va 
Geographers to deſcribe. In the Celeſtial Globe the 1 1q 
1 Figures of the Conſtellations are painted, and the An 
vx | Stars repreſented in the ſame Order, Magnitude Y 
= | and Poſition, they have in the Heavens. Ae we 4 
| 1 | have enumerated 1 in our VIL LefBure. pores : th 
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long : Seek in the Et oh 


he Globe ts which they 

In- the Degree of Lotigityde r given, den, aud bir 

8 Y ir to the Meridian; chen colitl ofy EN 15 

on che Meridian: the Degtee 1999 08 | 

0- towards the A; or Nun Lale, 4 at 

be; Ing as che bf 1 ctr either Need. or Soiith! 
Live lles the Plat 


05 1 under _ 4 og of 
that was to n | | 
he  PROBEEMIE 19 fel 1 pte bu 23 
e tbem te fiven Latitude of Elevations the Pole 
er 2 to ap 2 the' 'Outadrant of Altitude to t Herti cat . 
or Point; and to place'the Globes actord7up tothe Porhts 
0 15 the” Contpaſt, 'by| Help" uf the Meule. If the 
titude of che Place be Molch, 'raiſe the Archel 
- Pole above the Horizon; But for a South Latitude, a 
f you muſt raiſe rhe Autafctick: : Then from thie e ele- 
7 vated Pole, cbunt upon the Meridian towards 1 
e Horizon, che Degrees of the Poles Elevation; 
1 Ind that Point Where the Reckoning ends, brig 
e to the Horizon, and then rhe Globe is adjuſted 1 t 
e 4 due Elevation. Count from the Equirgt 60 
the Meridian the Latitude required, an 2 
wil be al Vers of 2 Place,” or the —_ 
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Lash, Turn the whole Frame in which the Globe 


ASTRONOMICAL. 
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To this Point of the, Meridian. faſten the Qna⸗ 
drant of Altitude, with the Screw. which is at the 
end of it, ſo chat the Edge of the Quadrant which 
is divided into Degrees may be join d to this Point. 


83 


1 8 js with its Pediment, till the Magnetick Needle 
lie 


ie in the Plane of the Meridian, ſo that the 
North Point of the Horizon of the Globe be rurn'd 
Northwards; then will the reſt of the Points on 


the Horizon of the Globe atzree with the. cotre- 


ſponding Points of the Horizon of the Place, _ 
PROBLEM IV. Td find for am Day of the 
Tear the Degree or Place of the Sum in the Ecliptick, 
H the Help of the Kalendar, and the Circle of Signs 


join d; and then to mark it upon the Ecliptick, 


Seek in tlie wooden Horizon, the Month and Da 


giveti, bur take Cate to diſtinguiſh the Julian and 
rregorian Kalendars, that you may not miſtake tlie 


ode fot the other: Then in the innermoſt; Circle, 
which is the Circle of Signs, over-againſt the Day, 
ſou will ſee the Degree and Sign in which the 
un is that Day. In the Ecliptick which is drawn 
upon the Surface of rhe Globe, ſeek firſt the Sign, 
and then the Degree of the Sun's Place. The 
place of the Sun is more accurately found out by 


an Ephemeris, which is made for each Year, or 


elſe it may be calculated by Aſtranomical Tables. 
PROBLEM V. To-find the right Aſcenſion 
and Declination of the Sun, or any Star ; and by that 
rome to adjuſt the Hand which points the Hours to 
the twelfth Hour, Bring the Sun's Place in the E- 


 Uliptick, found by the laſt Problem, to the Meri. 


dian, and mark the Degree of the Equator which 
is then under the Meridian, that will be the right 
Aſcenſion of the - Sun: Then compute from the 
e on the Meridian, che Number of 
Degrees to the Place of the Sun, they will ſhew 
the Sun's Declination, which will either be North 
or South, as the Sun is on this or the other ſide 


of the Equator. When the Place of the Sun is in 
he Meridian, turn the Hour-hand upwards till 


it comes to the twelfth Hour at Noon. * the 
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ſame manner bring the Place of any fixed Star to Lecture 
the Meridian, and you ſhall find its right Aſeen- + 
fion on the Equator, and irs Declinarion on the 8 
Meridian. Having the Place of the Sun, we bh” 
ſhew'd how to find its right Aſcenſion and Decli- 
nation by Trigonometrry in our XIX Lefture. _ 
"PROBLEM VI, To find the Meridian Altt- 
| Fude of the Sun, or any fixed Star by a Quadrant, or 
a other Inſtrument fit for the Purpoſe. We ſnew d 
the Method of obſerving the Sun's or a Scar's Al- 
J „„ % 8 2 
*. VII. Having the Declination ann! 2. 
l Meridian Altituge of the Sun, or of 4 fixed Star, to 
" find che Latitude of the Plqeeo Height of the Polo 
nt Lore the Horizon, © The Method of finding the 
Latirude þy Obſervation was likewife explain d 
le, 1n Lecture XI 8 ap oe, a 3 * „ 
5 PROBLEM VIII. Having the right % 
he = fon of the Sun and of « fixed Star: To fing the Time | 
| when ho Star culminates or comes to the Meridian 


wa, Subſtract the right Aſcenſion of the Sun from the 
e | right Aſcenſion of the Star, adding, if needful, 369 


b Degrees; and there will remain the Arch of the E- 
a uator that has paſſed the Meridian between Noon 


= and the time of the Culmination : turn this Arch in- 
„ | to Time, by dividing the Degrees by 13, and the 
2 Quotient jives the Hours; then multiply the res 

maining Degrees by 4, and you have the Minutes; 


E. and likewiſe diuide the Minutes, which are the Fartz 
of Degrees, by 15, and the Quotient gives theHorary 
h Minutes: And if there be any Minutes of Degrees 
: remaining after the Divifion, multiply them by 4, 
and you have the Horary Seconds: The ti ne made 
of up of theſe Hears, Minutes and Seconds ſhews rhe 
5 of the Culmination of the Star. We 
h " PROBLE M TX. Having the Place of the Sun, | 14 
þ or any Star, to find its Oblique Aſcenſion and = * 
1 Deſcenſion ; ar alſo its Eaftern and Weſtern ampli:- I 


if #ude. Bring rhe Place of the Sun or Star to the. 
b Horizon in che Eaſt, and mark the Point of the 
| nato that riſeth with ir; it will be its Oblique 


* Aſeenfon? rhen count trom the Point of Eaft up. 
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or elevated Pole, gives TA 
We hall have moreover in the Ade the 
Arch or S, che A 3 tar. The 
Aſcenſional Di erence a „ | 
ſubſtzacted from it, according ag che Sun or = 
WT the elevated or . ec & 5 the 


midiurnal Arch; which bein 5 ime, 
ſhews the Ti ae of half the Stay 9 the Sun on 
Star above and 

ROB 5 45 X. Having be e 5 the 
Fun or Star, ,bo Rig bt 2 ee, to find the 
If Time of | their it abope tbe. Herizon : / 4s alle 
Length, o of Dax and. Night, and. Tine f Fun- 
70 ing and je Jering: Take the Difference of the Ob- 
= and. Fight. Aſcenſion, and we ſhall haye the 


cenſional Diff A CITE into Time, as we 


mew'd in 1 7 VUlch Problem, which, when the 


Sun or Star. declines: to the elevat ble, 1s to 


18 to be ſubliracgd. rom fix Hour; 49d we 
hoy See s of 0 d e tug 
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Star comes 10 the, Egftern or We 
the Horizon, ha Hand Vat point 19. =} 


Ecliptick, -mbich.xiſes, ay 3 with a given Stgr.;, 4 
ir thence : o determine its Comic, FN 


riſing and 5 4 5 Geek gh e 
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Aber he ihe a ofthe Fel Horizon 1 at S 
and Degree which gaſe or ger, wah 5 Gr ar, and 
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ere Dre 


brer-aglinſt it in the Kalendar, you Win find thi 
„ Month and Day of the*Cofmical riſing of ch he Sts, 
J And if you Tele in che fame Horizon 


— 157 rhe rifing Fon 'orerag ainſt it in 5 
C95 5 bevy RE e Month: and Day 
e likewiſe over-againſt 
ſers Ar Wh Sears you will find 


Bs ald the for of 1955 1 10 ! ferriog, 
wie o on Degree will ew n che Ka 0 
f Ez and Month of. of, the Star's Accomyeal il 
- Tablexxy, T HE l Solution Problem is 
Fig. 3. _ be 2 HZ O the Me. 
5 N "=o — che EC che Ecliprick, 
n 


e Poin ection of the — une 
\ Mal pti ck; A the Point of the Eclipric 
riſes 5 th tne Star, and the Point of the Kang 
Which r{ſcs'wirh che Srar, ſuppoſe ro be . 
the Aan c Vir A, we V or the oblique 
 Aſcenfian of the Star; Mie? the: Aol Y the Incl 
| 1855 of the Equator aud Ecliprick 3 and the An- 
ple” Y or A, the height df the Equator be the 
otizon, or its Complemetir to two right Angles, 
Hence we ſhall find the Arch of the Ecliptick FA 
And the Point of it A which rifes with the Star. 
But the Kalendar, or zn s, we have 
| the Time "Whey the pr Hh that Point; and 
_ therefore We have the Time when the Stat rife 
1 Coſmigaly; we bee likewiſe the Angle Y A, 
=. or the Angle of the Ecliptick and the Horizon at 
the riffy When the Sun is in the Point oppo- 
fic to * e Point A, then the Star riſes Acronycally : 
a like Calculation, we ſhall find. che 
ee Star ſets _— or Achronycally. 
- ,PÞP. ROBLEM XIII. the Latitude of 
. be Place and the D Degree of 42 Ecliptick which riſes or 
| | = with the Star ; to determine the Hetzacal riſi ng 
= — er. Brin ing the Star to the Eaſtern 
| | fide of the Horizon, turn the Quadrant of 
Altiry de round to the Weſtern fide, till it cut the 
Ecliptick in the twelfth Degree from the Horizo 
6 the . — of Altitude, if the Star be 1. 
Then mark the Point of the 
8 eie | 
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att Ge, till the lach Degree of it from the Hos ' i 


Angle RA O the Angle of the Ecliprick and Ho- | ti 
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the oppolire Point is twelye Degrees below. the 
Faftern Horizon : Look that Point in the Wooden 
Horizon, and over againſt it, you will find rheMonth 
and Day, when the Sun enters that Point of the 
Feliptick 3 which is the Day of the Stars rifing EY 
Heliacally;zwhen it begins to get ſo far from the Sun's '., 
Beams, that it may be ſeen in the Morning before 
Sun-riſing. Bur if n the Heliacal ſet- 
ing: Bring the Star io the Weſt fide of the Ho- 
rizon, and turn the Quadrant of Altitude to the 


cizon cuts the Ecliprick, | and mark that Point 
where it interſects the, Ecliprick ; the Point oppoſĩte 
0 this is ſo many Degrees depreſs d under the 
Horizon at the Weſtern ſide; and if we find, in 
the Wooden Horizon, the Month and Day when 


che Sun comes to that Point, we ſhall haye the | 


Sh. 


Time of the Heliacal ſetting g. ö 
By Trigonometry the Problem is thus to be rablexx f 

ſolved: In the Figure of the preceding Problem, Fig. 3. 

let A be the Point of the Ecliptick, which tiſes 

with the Star: And ſuppoſe the Sun in the 8 

1 at 2 {0 that * Arch G De of rhe. 8 e 2 

of Depreſſion may be 12 or. 13 rees, according | 1 

the, Stax, in_of 11he. Brf: or. Gena Madan j 

In the right angled Triangle A R ©, we have the _ i 


riʒon, and the fide R ©, which is 12 or 13 Degrees: | | 

Hence we ſhall have rhe ſide A ©, which ad- 

ded ro V A gives the Arch Y O, and the Point 

©, which rhe Sun muſt be in when the Star riſes 

Heliacaly. In the ſame manner we may find the * 

Time of the Heliacal ſetting. 55 
PROBLEM XIV Having the Latitude of 


the Place, and the Place of the Sun in the Ecliptick ; 
To. find. the beginning and end of Twy-Light. Re- 
Qify the Globe for the Latitude of the Place by Pro- 
blem third, and put rhe Hour-hand to the twelfth 
Hour, the Sun's Place being in the ay 
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re e, ah pet the 'Givbe We 
alſd t Grant of Altude;: vill the Point 

lite 17 * Jun s Place eu he: 

de in the isch Degree” above the Horizon 
eh Mah WilF ſhow 'the Fime of 'Dawniny 
170 d d i 22 Ig rake' the Point oppo- 

ir to rfie Baſtern Heal 

fo Aut ratty 7 — it merts with' the” Quiz 
rant of Mee i in the 18% Degree, che Hand 
wilt e kr Twyligktr ends in- he 
ning. The 55 oforhely34l" Selutiom of this 


the Son's: 


BEEWM XV. | * Latitude of thi 


3 2 55 lite of — Si, if we have beſitles any 
er Following things! vir. The Hom 


BY Gare e; of the ee Us Azt#mith-of th 
& K St T6 ſind ih "other "ws; Rectify the 
Cy | Latitude given and bring thi 
place Sun to che Meridian; and rhe! Hout. 


W ell, turn round the Globe till the Hand 
3 . I, aud brin . the r of Altitude 
| lice * the 5 you will ſt 

int Prey TI Edge, 1e Bee 1 Altirtide; 
nd Where rhe Quadrant interſects rhe Horizon; 

550 ob will find its Arimuth, to be counted 

from the Interſection of the Meridian and Ho- 

Lizon: Bur” if the Altitude be given, turn the 

Globe with” one Hand, and the Mer Boer of Al- 

titüde wich the other, till the place of the Sun 

meer With the Quadrant -ar” rhe given Alctude; 

1685 Hand will point to the Hoot; and the 

pe of the uadrant and 85 br 


and ro Fre Twelve #'Clock Hour: Ther if" the 


| © urn 5 1 till The prey ef the — or 8 
meets with the Quadrant, and the Degrees upon 
the Quadrant to the place of the Sun or Star, from 
the Horizon, will give the Altitude; and the Hour 


Hand will og to-the Hour. 
. THE 
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A Q the Equator, Z the Vertex or Zenith; 


the Pole, $ the Sun or Star, whoſe diſtance from TableXXxVt 
the Vertex is Z S, and SP the Complement of Decli- F. ** * E 


nation, or its diſtance from the Pole. Becauſe 
we have the Right Aſcenſions of the Sun and 
Star, we have che difference of their Right A- 
cenſions, Which being turned into Time, will ſhew ” 
the Time of the Culminatiop of the Star; and 
the Arch which meaſures the Angle EPS, being 


turned into Time, will give the Hour of the 


Night. Now in the Triangle Z PS, having Z 
the diſtance of the 


Star; if I have befides theſe two the Angle P, 
which the Hour gives, we can from them find + 
the Angle Z, ny ſhews the Starg Azimuth, and the 
Stars Zenith diſtance, which will 
ſhewv the Altitude. Or if we have the Arch ZS, 


we ſhall find the Angle P, aud by that the Hout 


of the Night; as alſo the Angle P Z S the Azi- 
muth. Or if we have the Angle PZS, we can 


from thence "find Z S the Complement of the 


Altitude, and the Angle Z PS, which will give 


the Hour. By the ſame methed having the Al- 
tirude of the Sun, which we take by an Opfer- 1 
vation, and his Declination, which is KRnow-Ʒl By 


Tables from his place in the Eeliptick, we car 


find che Angle I S, Which Being turned ide 
Time, will give the Hour of rhe 'Day. 2 £12199 87711 
ene HIT 2 


1 
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PROBLEM XVI. T6 fit the diſtante bent f 


two places on the Surface of the "Terreſtial 'Glob 


Let us fot diſtinction fake, eall'one of the places 
the firſt, and the other the ſecond.” Rectify the 
Globe for the Latitude of the firſt place, and 
bring it to the Meridian, and there ſix the Globe 


with the Quadrant of Altitude tõ the Vertex, and 


turn the Quadrant till its graduated Edge paſs 
thro* the ſecond —— Then count, the De 
grees of diſtance 


» 99 plac 


ere, ag 
THE Problem is ſolved 'Trigonomerricaly thus, Telthire 
Let HO be the Horizon, HP © the Meridian, XXX. 


ich from the Pole, and + 
PS the Complement of the Declination of the 


rom the Vertex to the ſecond 


mt | "4s T. R ONO 1 104 L 
ee And the Arch of the Horizon intercepted 


you the Angle of Poſipions =" 


Fis- 5- be the Equator, P the Pole, 828 plac 


Complements of Latitude are 25 and P; and 
becauſe their Longitudes are given, we! ve their 
Arnet of Longitude, which is meaſured by 


e Angle 8 Ps: therefore in the ere A | 


— have the ſides SP, 3 P, with, the, Angle S 
- by them we can find $s in Degrees and: 
Which being converted, into Miles, allowing, 

Engliſh Miles for each Degree, we ſhall oY 

their, diftance 1 iles. e Can. al 

Angles PSs. and. by 


Poſition. 


IN the ame manner in the 
have the Right Aſcenſions and 
two. Stars, or their Longitudes and Fan 
ſhajl find their Ciſtances. (Et 


. 


PROBLEM. XVII. For any 41 * * WM 


to erect the Theme or Scheme. ef tha; Heavens. Re- 


.tify, che Celeſtial | Globe for che Latitude of the; 


Place. If you have not a - Celeftjal Gſobe, a 


Terreſtial will do. Take = place of the Pp. 


for the given Time, and bring it: to the 


dign, and the Hour-hand to rhe Twelfth > nk 
then turn the Globe till the Hand ſhews the- given 


Hour: Or if you like to be more accurate in 
your. Work, to the Right Aſcenſion of the Sun 


add ſo. many Degrees and Minutes, as the Time 


from Mid-day requires, for every Hour counting 
15 Degrees, and. 
this yqu will have the Right Aſcenſion of Mid-hea- 
ven, or the Degree of the Equinoctial which 
then Culminates, which is to be placed under the 
Meridian, Then faſten, the Semicircle of Poſition 
ik Meridian, at the Points of South and North 


A, 4 4 L in 


rween the Meridian. and. e yilh give. 


vi BY Trigonomerry we "thus, 725 is * <Q 
whoſe 


Mini 


find 7 
8. which, * Lt "ages of e 


Jeavens, if we 
Jeclinatgns of 
ifs, we 1 


revery four Minutes a Degree, 
rejecting, if it exceeds it, 360 Degrees; ſo by 


ted EBT 4 0 2 * "x 1 

ive. ia the n From the Point of the Equator LeQuuri 

culminating, count on rhe Equator 30 Degrees XXX. 

Eaſtward, and bring: the Semicirele of Poſition * 
10 the Zoth Degree, and obſerve in what Degree 

this Semicircle cuts the Ecliptick; that will be 

the Cuſp of che Eleventh Houſe, which'tuiſt be ſer 

down on Paper Again, move the Semicircle 

4 hs, '6otly Degree of the Equino- 

ial from the culminating Point, and mark where 

| it cuts the Ecliptick, 1. you have the Cuſp of 

es, ¶ che Twelfth Houſe, which is likewiſe ro be wrir 

59 down. Bring the Semicircle of Poſition to the 


ve Weſtern fide, and count 30 Degrees from the Wy: 


he £ culminating Point, and letting the Semicircle paſs 
ok chro' that Point, obſerve where the Semicircle cuts 
the Ecliptick; that will be the Cuſp of the ↄth 
-, Houſe. Then count from the Culminating Point 
ve again Weſtward 60 Degrees, and the Semicircle 
of of Poſition paſſing thro that Point will cut the 
„e Ecliptick in the Cuſp of the 8th Houſe: and the 
Meridian cuts the Ecliprick in the Cuſp of the Tenth 
I Houſe. And the place where the Horizon Eaft- 
e, ward cuts the Ecliptick, is the Cuſp of the Firſt 
-- Houſe or the Horoſcopez... And the Weſtern ſide 
% Yo the Horizon mne w w in the ſame Ecliprick, 
a I where it cuts ir, the Cuſp of the Seventh Houle : 
n and as it is Diametricaly oppoſite-+to the Firſt; 
- ſo is the d to the Eighth; and the Third to 
„ che Ninth ; the Fifth to the Eleventh ; ; 0 the 
Sixth to the Twelfth. 


3 

Iv. 

q] 

l PROBLEM XVIII. Having erefted 3he Them 
| 


% direct any Point to any other Point, To a 
Planer or Aſpe@ aflign its place in the Zodiack, 
according to its Longitude and Latitude; and 
chuſe any Planet or Degree of the Ecliptick, 
which you would direct, and which, for diſtin- 

| tion ſake, we will call the firſt Place; and the 
| Place to which you would direct this firſt Place, 
call the ſecond: Then thro' the firſt Place, which 

uſed to be called the Significator, draw the Semicir- 

cle of * and 1 Ng Degree in which 

2 it 
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e ASTRONOMICAL, &c. 
1 Lecturt it cuts the Equator; then keeping the  Semicir. 
: XXX. ele in the ſame Poſitian, turn the Globe Weſt. 
; N ward, till the ſecond Place arrive at it; and then 
1 again obſerver: where the Equinoctial is cut by 
| the ſaid Semicircle. Subſtract the Degree firk 
| obſerved; from the Degree obſerved in the ſecond; 
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